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Preface 



The Marine Resources Panel of the Commission 
on Marine Science, Engineering and Resources has 
undertaken an assessment of the potential fox 
marine resources in the context of anticipated 
demand and supply for the Nation and the world. 
The panel addressed itself to three essential tasks: 
describing the current rate of exploration and 
exploitation of marine resources and the physical, 
economic, and legal conditions under which they 
are produced; identifying deterrents to develop- 
ment and efficient utilization of marine resources; 
and recommending programs that will remove the 
deterrents, thereby stimulating exploitation of 
marine resources. 

We have considered the term “marine re- 
sources" to include not only those organisms and 
substances that exist in the ocean ^atei but also 
r.iate rials of potential value on and beneath the 
seabed. Approximately 20,000 species of fish- 
only a few of which are used by man, seaweeds, 
vast quantities of algae, and other simple or- 
ganisms make up the living resources. Oil and 
natural gas; such dissolved chemicals as salt, 
magnesium, and bromine; sulphur; sand, gravel, 
and oyster shells; and tin are the major non-living 
resources already produced from the sea. Many 
more are potentially important. Fresh water may 
also be considered an important non-living re- 
source. 

Outdoor recreation, direct power, transporta- 
tion, and unde. water storage of materials ate vital 
non-consumptive uses of the sea that can add 
wealth and enjoyment to our lives. Waste disposal 
is at present another major use of the sea. 
Receaiion and power are discussed in this report; 
transportation, waste disposal, and storage are 
treated in other panel reports. Because of the 
diverse character of marine resources and their 
usage, the panel has treated each principal resource 
group separately. 



The panel gathered information through con- 
sultants; correspondence with individuals from 
universities, industries, and Federal and State 
governments; previous studies of the problems; 
comments from technical reviewers; and direct 
Interviews. 

W : th respect to oil and hard minerals^ industry 
and government are concentrated ‘n relatively few 
institutions, and the panel consulted leaders in 
these areas, The fisheries, on the other hand, 
represent a mature and widely dispersed group of 
Industries. To obtain the widest range of opinion, 
the panel sent letters inviting specific and general 
suggestions from every known organized group of 
fishermen’s unions and cooperatives, processing 
and marketing firms, sport fishing groups, con- 
servation organizations, and individuals concerned 
with the fisheries. Their responses aided in out 
preparations. 

Our report was reviewed at several levels of 
development by members of government, in- 
dustry, and the university community, and it 
benefited greatly from their wide diversity of 
experience. The report, however, is the sole 
responsibility of the panel. 

We wash to thank all of the contributors to the 
report fisted in Appendix A and to give special 
recognition to the assistance rendered by 
Creighton A. Burk, Mobil Oil Company; David B. 
Brooks, Bureau of Mines, Department of the 
Interior; D. L. Alveison, Bureau of Commercial 
Fisheries, Department of the Interior; ard W. M. 
Chapman, Ralston Purina Company. 

We especially wish to thank John P. Albers, 
Executive Secretary of the panel, whose dedicated 
assistance made this report possible. Upon Dr. 
Albers’s departure, H. Crane Miller assisted in 
completing the report. 

James A. Crutchfield, Choinmn 
David A. Adams 
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Value of resources extracted from the sea 
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Section 1 Fisheries 



i. FINDINGS AND RECOMMENDATIONS 

World demand for protein food from the sea 
will continue to mount at a pace that necessitates 
adequate attention to efficient supply and de- 
velopment of new sources. 

Recommendation: 

The United States should assist developing nations 
through expansion of its own technical capability 
in marine fisheries and through vigorous support 
of multi lateral fishery development programs such 
as those of the Food and Agriculture Organization 
of the United Nations, the United Nations De- 
velopment Program, the World Bank, and other 
international agencies. 

Despite wide variations in estimates of total 
food productivity from the sea, there is ample 
evidence that the supply of marketable food 
products (or of intermediate products that can be 
readily converted into food) can be expanded to 
four or five times present levels. 

Recomme ndation: 

Far better estimates of total food production, 
ocean wide and by specific regions and species, are 
needed. The United States should pursue its own 
research programs to improve these estimates, 
cooperate with international efforts along the 
same lines, and explore new techniques for rapid 
preliminary assessment of stock size and potential 
yield where new fishery developments are contem- 
plated. 

Present institutions for fishery regulation, 
where protection from overfishing is required, are 
grossly inadequate. Both internationally shared 
fisheries and inshore fisheries involve jurisdictional 
conflicts that have made effective management 
impossible from both the biological and the 
economic standpoints. In the absence of any 
control over entry, all mature fisheries are charac- 
terized by over-investment and economic waste. 



Recommendation: 

The United States must undertake a searching 
revision of its concepts of fishery management and 
regulation, with respect to both internationally 
shared and inshore fisheries. It should then put 
into practice new management methods to pro- 
duce the largest net economic benefit, consistent 
with the biological capabilities of the exploited 
stocks and with equitable distribution of the 
proceeds and employment opportunities among 
participating fishermen. In the international field 
regulatory methods must be flexible enough to 
accommodate different National objectives and 
value systems. 

Landings by the fishing fleet flying the U.S. flag 
have changed very little over the last 30 years, but 
there are wide differences in performance among 
various segments of the industry. Increased de- 
mand, arising from population growth and the 
expanded use of fish for animal feeding, has been 
met from imported sources, at an annual cost now 
about $735 million. There is no reason why 
marine products, any more than any other, must 
always be met from domestic production if 
cheaper sources can be found elsewhere. However, 
competition from imports has had serious effects 
cn many U.S. fishing communities. Fiu;her, there 
is clear evidence that U.S. fisheries could contrib- 
ute more substantially to satisfaction of domestic 
demands. 

Recommendation: 

Research, development, and management efforts 
of the U.S. Government should be directed toward 
improvement of the competitive position of U.S. 
fishermen, with particular emphasis on increasing 
production by U.S. flag vessels from latent re- 
sources adjacent to our own coasts. 

The major barriers to improved efficiency and 
technological progressive ness in the U.S. flag fish- 
eries are to be found in the welter of institutional 
impediments that have grown up over many years. 
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Restrictive legislation, reflecting gear conflicts 
among fishermen, disagreements over sport and 
commercial usage, and other local partisan inter- 
est, has grown to massive proportions. The term 
“conservation” has been used to justify a great 
many restrictive actions that serve no useful 
purpose in resource management but inhibit se- 
verely the development of efficient fishing meth- 
ods and equipment. 

Recommendation: 

A series of searching studies should be initiated to 
define the effects of these institutional impedi- 
ments, area by area and fishery by fishery. To the 
extent that these restrictive measures involve 
management programs, they must be corrected by 
action of the individual States or by groups of 
States sharing common fisheries. 

Several possible organizational arrangements for 
U.S. commercial fisheries have been reviewed; the 
panel has concluded that the role of the Federal 
Government should be reoriented toward resource 
development and the concentration of manpower 
and financial resources on National fisheries mis- 
sions. Studies of fishing management and regula- 
tory concepts should be undertaken and new 
management techniques instituted calling for in- 
creased coordination among the States and a 
greater Federal role in determining National fish- 
eries policies and priorities. 

Recommendation: 

Federal authority over U.S. marine and anadro- 
mous fishery activities should be combined in a 
single bureau of one agency. The agency should be 
authorized to establish National priorities i*rA 
fishery policies for migratory marine species for 
commercial and recreational purposes. It should 
encourage cooperative activities by States for 
regulation and conservation of such species, spon- 
sor research on the impact of institutional barriers 
inhibiting efficient development of our fisheries, 
and encourage enactment of improved State and 
Federal laws relating to regulation and conserva- 
tion of such fisheries. 

Under certain circumstances the measures pro- 
posed above may be inadequate to meet the 



development and management needs of certain 
fisheries. Un^er conditions stated below, Federal 
regulatory jurisdiction of endangered fisheries 
should be asserted. 

Recommendation: 

The Federal Government should be given author- 
ity by the Congress to assume regulatory jurisdic- 
tion of endangered fisheries when: 

-It can be demonstrated that a paiticular stock of 
marine or anadromous fish migrates between the 
waters of one State and those of another or 
between territorial waters an J the contiguous zone 
or high seas; 

-The stock enters into interstate or international 
commerce; 

-Sound biological evidence demonstrates that the 
stock has been significantly reduced or endangered 
by acts of man; 

-The State or States within whose waters these 
conditions exist have not taken effective remedial 
action. 

There is urgent need for defining a limited 
number of specific missions designed to expand 
the income and employment generating capacity 
of the American fishing industry on a commer- 
cially viable basis. Rather than talking in general 
terms about rehabilitation, the Bureau of Commer- 
cial Fisheries should identify specific geographic 
areas and fish stocks where expansion is economi- 
cally justifiable and biologically feasible. 

Recommendation: 

The Bureau of Commercial Fisheries should ana- 
lyze each major fishery and develop integrated 
programs designed to exploit those fisheries where 
opportunities for expansion exist. 

There are serious deficiencies in the overall 
organizational structure and budget of the Bureau 
of Commercial Fisheries that reflect a combination 
of constraints, some of which are attributable to 
BCF and some to the pressures to which it is 
subjected. 
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Recommendation: 

The Bureau of Commercial Fisheries should be 
reorganized to achieve: program rather than pro- 
ject orientation, National rather than regional 
determination of programs priorities, and greater 
flexibility in its use of funds and manpower. BCF’s 
budget should be expanded moderately. 

Production of many important species of fish 
and shellfish depends on the preservation of 
adequate environmental quality in estuarine and 
shoreline areas. The present division of authority 
and inadequate scientific basis for management of 
our estuarine areas have opened the door to 
activities that inflict heavy damage on fisheries as 
well as on other potential beneficial users of these 
waters. 

Recommendation: 

Fishery scientists and management personnel must 
participate with other relevant disciplines in a fully 
integrated, large scale attack on the problems of 
the estuaries and inshore areas. The panel endorses 
the programs recommended in the Report of Panel 
on Management and Development of the Coastal 
Zone. 

Much of the panel work of the Commission has 
focused on gaps in U.S. ocean engineering capa- 
bility. This has its counterpart in the fisheries. 

Recommendation: 

A much larger and more imaginative effort by the 
Bureau of Commercial Fisheries and State agencies 
should be undertaken to: (1) evaluate current 
procedures for providing current information 
needed to deploy fishing fleets, properly, (2) push 
development of technological innovations through 
to the practical application stage, and (3) apply 
new materials and methods to the two essential 
operations of high seas fisheries, search (detection) 
and capture. A major increase is required in the 
amounts budgeted for applied research in fishing 
gear, techniques, and materials. 

Fish protein concentrate offers possibilities for 
extended use of otherwise unmarketable products 
from the sea and possesses physical characteristics 
that make it highly useful in supplementing 



protein deficiencies in some critical areas of the 
world. 

Recommendation: 

The present marginal financing of the food protein 
concentrate program in the Bureau of Commercial 
Fisheries should be expanded and firmed up. In 
addition, BCF must establish better relations with 
firms in the private sector that must ultimately 
carry the burden of production, distribution, and 
sale of end products. 

The fruits of expanded Government programs 
to improve U.S. fishing technology and resource 
assessment will not be realized until translated into 
action by the industry. The decentralized, small- 
scale character of the U.S. fijh harvesting industry 
and the wide diversity of regional fisheries make it 
very difficult to make such information available 
to fishermen in a manner that permits them to use 
it. 

Recommendation: 

The Bureau of Commercial Fisheries should be 
authorized to develop an extension service, possi- 
bly in cooperation with Sea Grant institutions, to 
bring technical developments in*o practical appli- 
cation. 

The present Federal program for modernization 
and rehabilitation of the U.S. fishing fleets 
through subsidization of new construction is defi- 
cient in concept and will not achieve the desired 
objective. In addition, the program as presently 
formulated is adding to fishing capacity in fisheries 
already subject to such intensive effort that 
conservation measures are required. The result is 
to foster inefficiency for the industry as a whole 
despite the introduction of new and relatively 
efficient individual units. 

Recommendation: 

The most logical solution to the problem of the 
subsidy program is to permit U.S. fishermen to 
buy vessels and equipment anywhere in the world 
where they can find the best combination of price 
and performance. If a subsidy program is to be 
carried on, it should be accompanied by a retire- 
ment program under which new and efficient 
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capacity is matched by retirement of older vessels 
in order to prevent excessive expansion of total 
fishing effort and should be restricted to fisheries 
in real need. It would also be more accurate and 
effective to regard the program as a subsidy to the 
U.S. shipbuilding industry and move it outside the 
budget of the Bureau of Commercial Fisheries. 

Several incidents ot‘ food poisoning in recent 
years have drawn public attention to inadequate 
sanitary conditions in many processing and mar- 
keting establishments throughout the country. It is 
estimated that less than one-third of the 4,200 fish 
processing plants in the United States could meet 
standards equivalent to those required of meat and 
poultry packers. In addition, industry representa- 
tives at a recent fishery conference cited improved 
quality control as the most important requirement 
in budding stronger U.S. markets for seafood. 

Recommendation: 

The panel endorses the President’s request for 
legislation requiring mandatory inspection of fish, 
fishery products, fish processing plants, and fishing 
vessels. It recognizes, however, the need for 
interim financial and technical assistance to assist 
firms in upgrading facilities and recommends that 
the Bureau of Commercial Fisheries undertake 
such assistance. 

There are good opportunities for expansion of 
the presently limited culture of shellfish and a few 
high-value fin fish to other species and new areas. 
The long run potential for major increases remains 
essentially unknown, but it could be significant. 

Recommendation: 

A carefully planned, long range program of biolog- 
ical research and development of technical require- 
ments should be initiated at this time for expan- 
sion of aquaculture in the estuarine and marine 
environment. 

Present statistical data on U.S. commercial 
fisheries are inadequate for biological, technolog- 
ical, and economic research needs and for resource 
management. Sport fishing statistics are even less 
complete and reliable. 



Recommendation: 

Programs must be developed to fill more ade- 
quately the gaps in present State data collection 
programs, either by financial assistance to the 
States or by direct participation of Bureau of 
Commercial Fisheries personnel. In addition , there 
is urgent need for standardization of statistical 
materials and compilations. An even larger effort is 
required and should be undert* * en to develop an 
adequate statistical program for sport fisheries. 

Some conflict between commercial and recrea- 
tional utilization of marine fish stocks i* inevit- 
able. The two groups of users may exploit the 
same species; they may use gear that is mutually 
incompatible in the same area; they may interact 
through common forage species; and each may 
inflict restrictions on the other through biased 
legislation and regulation. Though the extent of 
the competition is frequently overstated, failure to 
recognize and resolve it properly has resulted in 
serious losses to both sport fishermen and com- 
mercial users. Vo a very large extent, resolutions of 
these conflicts in orderly fashion is a responsibility 
of the States. Nevertheless, the Bureau of Com- 
mercial Fisheries and the Bureau of Sport Fisheries 
and Wildlife can do much to minimize unnecessary 
conflicts. 



Recommendation: 

The Fish and Wildlife Service can and should take 
the lead in devising sensible criteria for allocating 
fish among competing uses and encouraging uni- 
formity in their application by the various States. 
Specifically, it can assist through: (1) provision of 
better statistical data; (2) expanded working rela- 
tions with State, interstate, and international 
government bodies on the one hand, and with 
commercial ai>d sport fishermen groups on the 
other; and (3) by active promotion of greater 
uniformity in State legislation affecting both 
commercial and sport fishing. 

The scattering of ocean science, technology, 
and resource activities among Federal agencies has 
made it difficult to develop or implement National 
policies for fisheries management and develop- 
ment. 
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Recommendation: 

A single agency of Government, with broad 
responsibility for ocean science, technology, and 
use, should be created, A strengthened National 
fishery agency, encompassing both sport and 
commercial fisheries and empowered to implement 
National objectives for development and manage- 
ment of U.S. fisheries throughout the world, 
should be an integral part of that agency. 

II. INTRODUCTION 

Although the spectacular growth of offshore oil 
production and the prospect of moving to the sea 
and the sea bottom to meet the insatiable demands 
for mineral resources have captured the public 
imagination, living resources of the sea still provide 
the most important contribution to man’s well- 
being from the marine environment. Unlike many 
other aspects of the activities with which the 
Commission is concerned, the industries exploiting 
the sea fisheries are as old as recorded history; 
they are shared by every coastal nation in the 
world and by some that do not border on salt 
water. To the richer nations, the sea offers 
diversity in the diet and a healthful, easily digested 
form of animal protein that can now be made 
available at all seasons of the year. To the less 
fortunate nations, the oceans provide one of the 
more accessible and expansible sources of desper- 
ately needed protein foods; here success in de- 
veloping marine fisheries is literally measured in 
lives. 

The pane! has taken as its frame of reference 
world supplies and demands for living resources 
from the sea, rather than confining its attention 
exclusively to the United States, for two reasons. 
First, the national commitment to the war on 
hunger, as one aspect of the international effort to 
dose the growing gap between have and have-not 
nations, lends a special significance to exploratory 
and developmental programs aimed at creating or 
expanding local fisheries in underdeveloped areas. 
The export of Amercan technology, managerial 
skills, and research results is, in many cases, the 
most efficient way of contributing to world use of 
the sea to speed development in the emerging 
economies. Second, the distinction between 
national and international fishing operations is 
becoming less meaningful each day. From the 



demand side, modern processing technology has 
made seafoods an increasing/ important item in 
international commerce, linking all the major 
producing nations and consuming centers. From a 
production standpoint, revolutionary changes in 
the range, efficiency, and diversity of modern high 
seas fishing vessels have made it possible for large 
modern fleets to fish anywhere in the world ocean. 
Though the deteriorating position of the American 
fishing fleet is a matter of deep concern to the 
Commission, its rehabilitation must be viewed 
within the broader framework of the U.S. contri- 
bution to both national and international usage of 
the living resources of the sea. By the same token, 
efforts to expand the contribu ion of American 
flag vessels must be undertaken in full recognition 
of the international competitive situation: eco- 
nomic, technological, and legal. 

To simplify the following discussion, the term 
“fishery” is used in a general sense to include 
harvesting of all living resources of the sea, 
including fin fish, mollusks, crustaceans and edible 
sea-weeds. Brief reference is made to the use of 
marine plants for non-food purposes and to the 
possibility of producing pharmaceuticals from the 
sea. 

III. THE WORLD FISHERIES 
A. The Importance of Marine Fisheries 

Present world production of fish and shellfish, 
according to the Food and Agriculture Organiza- 
tion of the United Nations, is in the neighborhood 
of 57 million metric tons. This represents about 10 
per cent of total animal protein production. These 
gross figures conceal, however, the very real 
economic and social significance of marine fishery 
products, regionally and nationally. For some 
nations, food from the sea represents an indispen- 
sable source of animal protein, without which 
presently deficient diets would become disas- 
trously inadequate. Virtually all of Asia and Africa 
fall in this category. For others, high per capita 
consumption is not a matter of life, death, or even 
health, but rather a matter of strong preferences; 
the Scandinavian countries might be cited as an 
example. In still other nations food from the sea 
represents an important source not only of domes- 
tic protein but of foreign exchange as well. Both 
fish and fish meal are significant items of intern- 
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ational commerce, and nations such as Iceland, 
Peru, Japan, and Norway are heavily dependent on 
exports of processed fish products for stability in 
their balance of payments. For obvious reasons, 
fishing activities and the related processing and 
waterfront activities tend to be centered geograph- 
ically in areas frequently deficient in other em- 
ployment and investment opportunities. 

In brief, the relatively small numbers associated 
with the world's marine fisheries, in comparison 
with other sources of food, should not conceal the 
fact that they are of very real economic impor- 
tance, and efforts to improve the performance of 
these industries, whether by increasing output, 
reducing costs, or both, should be pursued vigor- 
ously. 

B. Demand 

The primary determinants of the demand for 
fish and shellfish are: (1) the level of personal 
income per capita; (2) aggregate size and rate of 
growth of the population; (3) tastes and prefer- 
ences, including the influence of customs reflect- 
ing religious practices and national origin; (4) price 
and availability of closely substitutable products, 
of which meat and polutry are the mest impor- 
tant. 

The strength of world demand for protein food 
is evident in the rapid growth in production of 
marine seafoods during the past three decades. 
Landings of fish and shellfish have been growing at 
a rate of more than six per cent a year since the 
end of World War II. As indicated in Figure 1, 




Year Landings 

Figure 1. Total world catch , 1950-67 (millions 
of metric tons). Source: Lita from Food and 
Agriculture Organization of the United Na- 
tions, Yearbook of Fishery Statistics, 1966 
(1968). 



total landings have jumped from about 20 million 
metric tons in 1950 to about 57 million tons in 
1966, of which at least 50 million tons came from 
marine sources. The areas of strongest demand 
spread across the entire spectrum of marine 
seafoods. Specialty processed fish and the more 
exotic forms of fish and shellfish are among 
the highest priced foods in the markets of the 
developed countries, and demand for them con- 
tinues to grow rapidly. At the other end of the 
spectrum, demand for low priced fish, though 
changing with respect to preferred forms of 
preparation, continues to expand equally rapidly 
in many of the less developed nations. A forecast 
of world population growth would, accordingly, 
provide a good indication of the minimum rate of 
growth expected in demand for marine food 
products. 

The internal structure of this growing demand 
is of great interest in analyzing the nature of the 
markets tha< are emerging for living products of 
the sea. In the more highly developed nations, 
there is a marked tendency for per capita 
direct consumption of seafoods to level off. 
This is, in general, an extension of the simple 
physical fact that the total food consumed by man 
is largely a function of the size of his body; as 
incomes increase beyond the level at which ade- 
quate caloric and nutritional need is assured, 
consumer demand reflects more and more heavily 
the desire for diversification and for processing 
and marketing sources that make food products 
more convenient to handle and prepare. 

The relative stability in per capita demand for 
fish and shellfish for direct consumption in the 
United States conceals wide variations among 
species. In general, demand for products of unusu- 
ally good flavor and texture, such as fresh and 
frozen salmon, shellfish, lake trout, and red 
snapper is sensitive to rising real incomes and has 
been very strong throughout the postwar period. 
Similarly, demand for species used to produce 
frozen sticks and portions and canned tuna, where 
a high degree of consumer convenience has been 
linked to effective merchandising programs, has 
been good throughout the period. On the other 
hand, there is a marked tendency for lower income 
groups to shift away from cheapei rish, particu- 
larly in the South and in coastal areas, toward 
meat, poultry, and other preferred protein foods 
as their economic lot improves. 



Of greater long run significance is the rapid 
growth in the demand for fish as an intermediate 
product. The per Capita demand for fish in the 
aeveloped countries must be revised to include the 
huge and continuing increase in consumption of 
marine fish products in the form of fish meal. High 
quality protein meals have now become a standard 
element in feeding programs for poultry and meat 
producers, and though they are sharply competi- 
tive in these uses with other sources of protein, 
such as soya bean meal, they are continuing to 
expand their market position and will do so as 
long as the relative prices of fishmeal remain 
favorable. Though fish meil is produced from 
smaller fish, generally commanding much lower 
prices than those consumed directly by human 
beings, its contribution to a varied and high 
quality protein diet is no less real. There is no 
reason why the food industry should not use land 
animals as converters of forage fish rather than 
tuna or other predators in the sea. 

While it is difficult to generalize about ail 
underdeveloped areas, there are certain common 
characteristics of the demand for marine seafoods 
in these countries. The most striking is the 
strength of the demand for fish, not only for it' 
important nutritional characteristics in areas sub 
ject to chronic protein and caloric deficiencies., 
but on grounds of tastes and preferences. Though 
much has been made of the isolated ca&s in which 
protein deficiency exists side by side with abun- 
dant fish supplies because of religious or other 
taboos, these are rare exceptions indeed. In most 
of the emerging economies with access to the sea, 
fish have always provided an important source of 
food, and rising incomes, particularly in the rapidly 
growing urban areas oriented to international 
trade, have typically produced a striking increase 
in the demand for fish. Similarly, wherever tech- 
nological developments have expanded sharply the 
capacity of indigenous fisheries (or created new 
ones), the task of creating the necessary processing 
and marketing apparatus to distribute the in- 
creased landings has been, on the whole, much 
easier than expected because of the strength of 
demand for the products. 

The demand for fish has also responded posi- 
tively, and will continue to do so, to improve- 
ments in nutritional knowledge and in the quality 
and diversity of fish products. Even in areas where 
taboos against consumption of fish have been 



relatively strong, the use of fish as food in schools, 
hospitals, and other institutions, coupled with a 
rising literacy rate, has tended to break down the 
resistance to using marine resources. Finally, these 
are the areas of the world in which population is 
increasing most rapidly. (Christy-Scott, 1965) 

These, then, are the forces behind the rapid 
postAVorld War II increase in demand for fish 
products. Nothing in the current or prospective 
market situation would indicate any decline in the 
rate of increase in demand for fish products in the 
near future, and only revolutionary changes in 
social attitudes toward population control would 
produce any perceptible slowing down in that 
growth over longer periods. Clearly, the market is 
there; the physical need is there; the task is to 
appraise accurately man's ability to meet those 
needs and to do it as efficiently and expeditiously 
as possible. There does not seem to be any major 
reason to regard demand as a serious constraint on 
the ability to expand world fishing operations on a 
profitable basis. 

C. Production Possibilities from the Sea 

Interest in the ocean’s living resources is not 
new, and literature dealing with conservation and 
ocean resources dates well back into English 
history. In the early part of the 13th century 
conservationists were pleading for restrictions on 
man’s fishing techniques lest he destroy the coastal 
resources. In more recent times it would appear 
that Thompson (1951), at a United Nations- 
sponsored conference on the conservation and 
utilization of resources, was one of the first to 
estimate production capability of the oceans, and 
to demonstrate the pitfalls involved. From a 
known production (18 million tons) he estimated 
that a 20 per cent increase over prewar catches was 
possible; that is, about 21.6 million metric tons 
per year. This estimate excluded the catch taken 
by the U.S.S.R. and the yield from fresh and 
brackish waters. Of course, this estimated poten- 
tial was exceeded by the middle of the past 
decade. 

In recent years a number of fishery scientists 
and oceanographers have become seriously con- 
cerned to provide a more systematic appraisal of 
the ocean’s fish potential. Despite their efforts, 
however, current estimates range from approxi- 
mately 55 to 2,000 million metric tons annually, a 
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range much too great for comfort in view of the 
pressing need for protein foods and the urgency of 
fishery management and development problems. 
If, however, these yield forecasts are examined in 
light of the methods and assumptions which 
various authors have employed, the range (55 to 
2,000 million metric tons) is understandable and, 
to a degree, reconcilable. It is necessary, first, to 
distinguish between production and yield. Produc- 
tion is the total product of the biological activity 
including some that is taken by non-human preda- 
tors. In no case is primary production fully 
harvestable. Table I provides specific estimates of 
world marine fish and shellfish potential by 
various authors, the year the forecast was made, 
and the technique employed in making the esti- 
mate. Several estimates are given for some authors 
who employed several techniques and various 
assumptions in their forecasts. Where multiple 
values are given the underlined figure is the one 
commonly attributed to the author. 

Examination of Table 1 brings out certain 
relationships among *hese estimates. Those based 
on extrapolation fri<n existing catch or fishing 
patterns give values at the low end, ranging from 
50 to 1 60 million metric tons (Finn 1960, Graham 



and Edwards 1962, Meseck 1962, Schaefer 1965, 
Alverson 1965). As the Graham and Edwards 
estimate involves only bony fishes, a comparable 
figure based on their techniques would be some- 
what higher. A mean value for these estimates 
would be about 85 million metric tons. 

Those scientists who have based their analyses 
on theoretical energy flow through the food chain 
show estimates on the high side of the projected 
total yield. There are some obvious reasons why 
these projections or estimates would be higher 
than those based on past catch patterns. Several of 
the authors have, in fact, estimated the biological 
potentialities of the system; they estimate total 
gross production at some stated trophic level 
independent of physical and/or economic capa- 
bility by man to intervene. Thus, Chapman’s 
2,000 million metric tons represents theoretical 
total available biological production, as does Pike 
and Spilhaus’ s 180 to 1,400 million metric tons. 
When realistic limitations based on technological 
capabilities and human tastes and preferences are 
imposed, the figures are much lower (e.g., Schaefer 
200, Pike and Spilhaus 200, Bogdanov 80 and 
Graham and Edwards 60 million metric tons). If 
one adds to Graham and Edwards’ figure other 



Table 1 

ESTIMATES OF TOTAL OCEAN YIELDS OF AQUATIC ANIMALS 



Forecast 

(million metric tons) 


Year 


Method 


Author 


21.6 




ext. 1 


Thompson 


55.4 




ext. 


FAO 


50 to 60 




ext. 


Finn 


55 (bony fishes) 


. . 1962 


ext. 


Graham & Edwards 


55 (by 1970) 




ext. 


Meseck 


60 (bony fishes) 




ext. mf. 2 


Graham & Edwards 


66 (by 1970) 




ext. 


Schaefer 


70 (by 1980) 


1962 


ext. 


Meseck 


60 to 80 




ext. 


Alverson 


70 to 80 




ext. ef. 


8ogdanov 


115 (bony fishes) 


. ■ 1962 


mf. 


Graham & Edwards 


160 




ext. 


Schaefer 


200 




mf. 


Schaefer 


200 




mf. 


Pike & Spilhaus 


1,000 




mf. 


Chapman 


180 to 1,400 




mf. 


Pike & Spilhaus 


2,000 




mf. 


Chapman 



Source: Schaefer and A Iverson (1968). 

*ext. = Extrapolated from catch trends or existing knowledge of world fish resources. 
2 

mf. = Energy flow through food chain. 
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marine animals discarded in their estimate, the 
corresponding value is 171 x 10 6 (Schaefer 1965). 
The range of estimates from this group-80 to 200 
million metric tons is vuderstandable, in view of 
limitations on basic scientific information now 
available. Only Chapman’s figure of 1,000 million 
metric tons for existing technology appears out of 
line in terms of the other estimates. 

If we consider together estimates based on 
catch trends or present fishing patterns with those 
which follow material through the food chain, it is 
necessary also to consider man's technological and 
economic limitations; the range then runs from 55 
to 200 million metric tons (excluding Chapman), 
with the majority less than 100 million metric 
tons. 

Those estimates that are based on total primary 
production differ in assumed amounts of carbon 
fixed annually, in the ecological efficiency factor 
employed, and the level of harvest. Much of this is 
still controversial and our knowledge is simply 
insufficient to make an intelligent choice among 
differing views. Some of the confusion has resulted 
from authors jumping back and forth between wet 
weight, dry weight, fixed carbon, and total weight; 
and it should be remembered that the amount of 



organic matter produced annually by photosyn- 
thesis is still subject to much uncertainty. A 
comparison of some of the estimates dealing with 
this subject is given in Table 2. 

Selecting any author’s starting value, it is 
possible to develop a theoretical yield by trophic 

Table 2 

AVERAGE ANNUAL PRIMARY PRODUCTION 
OF ORGANIC MAiTER 
(in dry weight) 



Steeman Nielsen 


30 x 10® tons 


Riley 


260 x 10® tons 


Zernov 


120 x 10® tons 


Skopintsev 


90 x 10® tons 


Wiborg 


(70 to 140) x 10® tons 


Sverdrup and Fleming 


<100 to 200) x 10® tons 



Source: Bogdanov (1966). 



levels for various ecological efficiency transfer 
rates as indicated in Table 3. 

A more meaningful way of expressing the 
problem would be in terms of the supply function 
concept common to economic and business ana- 



Table 3 

POTENTIAL HARVEST OF THE SEA 
ESTIMATES OE POTENTIAL YIELDS 1 (PER YEAR) 
AT VARIOUS TROPHIC LEVELS, IN METRIC TONS 



Ecological Efficiency Factor 





10 per cent 

Total 

Carbon Weight 


15 per cent 

Total 

Carbon Weight 


20 per cent 

Total 

Carbon Weight 


Phytoplankton (net 
particulate production) 

Herbivores 


1.9x10 10 

1.9x10 9 1.9x10 10 


1.9x10 10 

2.8x1 0 9 2.8x10 10 


1.9x10 10 

3.8x1 0 9 3.8x10 10 


First stage carnivores 


1.9x10® 


1.9x10 9 


4.2x1 0 8 


4.2x1 0 9 


7.6x1 0 8 


7.6x10 9 


Second stage carnivores 


1.9x10 7 


1.9x10 8 ’ 


6.4x1 0 7 


6.4x1 0 8 


15.2x10 7 


15.2x10® 5 


Third stage carnivores 


1.9x10 6 


1.9x10 7 


9.6x1 0 6 


9.6x1 0 6 


30.4x1 0 6 


30.4x1 0 7 



Source: Schaefer (1965). 

1 Output to predation at each trophic tevel. 

2 NAS Committee estimates (approximately). 
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lysis. If one were to plot the quantity of fish and 
shellfish that would be forthcoming at successively 
higher relative prices-i.e., supply response to 
secular growth in demand with its accompanying 
growth in prices-one would obtain an estimate of 
production from the sea that will yield an eco- 
nomic return equal to or greater than that from 
other goods or services produced with the same 
capital and labor inputs. 

It must be stressed, however, that a supply 
function of this type is strictly static in nature. 
Over time, increased rates of use of existing fishery 
resources generate pressure on costs but also 
generate incentives to relieve the pressure in a 
variety of ways. There is a strong business incen- 
tive to find ways to exploit presently underutilized 
or unutilized species; to reduce fishing costs and 
thus to extend the geographic coverage of the 
industry; and to devise new processing and market- 
ing methods that will increase consumer accept- 
ance. 

A supply function geared entirely to present 
fishing technology, present fishing locations, and 
present patterns of demand would probably show 
rapidly increasing costs at an output of perhaps 75 
to 85 million metric tons . However, if account is 
taken of recent improvements in vessel and gear 
technology, in our ability to preserve the quality 
of sea foods during storage and transportation, and 
in our capacity to alter the physical composition 
of marine products in order to improve their 
marketability-all products of research, develop- 
ment, and simple business ingenuity— It is clear 
that the aggregate potential from the sea is much 
greater than such a static analysis would suggest. 
And this means greater yield in the economic 
sense: that is, output that can be sold profitably at 
market-determined prices. 

Two current examples might be cited. The 
development of new fishing methods tailored to a 
specific set of fish characteristics has opened the 
way for a new industry on the Pacific coast on 
reduction of previously unused hake stocks. The 
development of economically feasible fish protein 
concentrates promises even greater opportunities 
to turn fish previously regarded as scrap into 
profitable products. 

The nature of the long run supply function and 
its dynamic movements over time cannot be 



determined from a simple extrapolation of histor- 
ical data. In broad terms, the first decade after 
World War II was marked by a significant expan- 
sion of fish landings, largely from areas previously 
fished and from species known to exist in mar- 
ketable quantities. The increase came in part from 
the accumulation of stocks on areas fished more 
tightly during World War 11 and in part from 
improvements in gear and vessels. In a second 
phase of expansion, now tapering off, the increase 
was carried forward by geographic expansion of 
world fishing in general and by further improve- 
ments in gear and fishing techniques. Several new 
fisheries were brought into production, of which 
the most spectacular was the growth of the 
anchovetta fishery in Peru, The coasts of West 
Africa and South America came into much greater 
prominence with rapid increases in landings of 
both demersal and pelagic species. Expansion of 
market interest in and production of tuna and 
tuna-like fishes and billfish in tropical waters 
extending westward and eastward from each of the 
major continents has continued. Expansion of 
shrimp production has gone forward steadily; 
more than 50 nations are now engaged in the 
operation. 

Again, however, this type of expansion is 
bound to be self-limiting, since it involves exploita- 
tion of Continental Shelf fish and shellfish (and 
the relatively high-priced pelagics) that can be taken 
with known fishing techniques. This suggests that 
further expansion will come from a wide variety of 
innovations to permit harvesting species that can- 
not be utilized economically with present methods 
and conversion of previously unmarketable fish to 
products that are profitable. There are very large 
populations of edible pelagic fish (or of fish 
capable of being converted into fish meal or edible 
fish protein concentrate) that are lightly fished or 
completely unused, but problems in locating, 
concentrating, harvesting, and processing remain 
to be solved before these stocks can become 
economically significant resources. Utilization of 
some species is also held back by inadequate 
knowledge of yield potentials and uncertainty 
about parameters determining availability. It may 
well be, then, that we will see a new surge of 
activity, but only after a time lag determined 
largely by the vigor with which national and 
international oceanography effort is pressed. 



The vigor with which truly international fishery 
operations are being developed is indicated by the 
fact that 20 nations are now fishing off the 
southwest coast of Africa with modern long range 
vessels. These include, among others, South Korea, 
Nationalist China, Israel, Bulgaria, Rumania, 
Egypt, and Greece. The rapidly developing fish- 
eries on the Continental Shelf of South America, 
south of the Rio de la Plata, are shared not only 
by South American nations but by Cubans, 
Spanish, Russians, Japanese, and others. There is 
already serious concern about declines in produc- 
tivity on the major trawling grounds off the coast 
of Mauritania and Senegal, where more than 200 
large, modern, oceangoing trawlers are now operat- 
ing on a year-round basis. Rumanian vessels are 
active off the coast of New Zealand, and the 
Kuwaiti are involved in development of the shrimp 
fisheries off North Borneo. The pace of this 
development is such that unless some effective 
means of developing the necessary scientific 
knowledge on yield potentials (and an adequate 
control mechanism to prevent exceeding these 
limits) is forthcoming, the economic effect of any 
improvement in technology or markets is likely to 
be vitiated by over-exploitation of existing stocks, 
unless the technical breakthroughs that will move 
us into a new era of wider ocean fishing and 
further diversification in exploiting shelf species 
are achieved. 

D. Potential and Present Degree of Utilization by 

Area 

Few efforts have been made to break down 
total potential yields by geographic areas, although 
many have discussed the subject in terms of likely 
areas for growth potential. Meseck (1962) pre- 
sented what was then the best and most complete 
treatment of total yield estimates by geographic 
areas. On the basis of admittedly insufficient 
knowledge he suggests potential area yields shown 
in Table 4. Present production (1965) is shown in 
the last column. Current developments have al- 
ready made it clear that these estimates are 
inadequate, however, and more defensible figures 
are now in preparation in FAO as a part of the 
Indicative World Plan. 

Those who have dealt with food chain relation- 
ships as a means of estimating fish potentials have 
not partitioned them by geographic areas. As they 
are devised either from average ocean productivity 



Table 4 

PROJECTED YIELDS BY 1980 AND 
PRESENT PRODUCTION 
(million metric tons) 



Continent 


Forecasted 

Production 


1965 

Production 


Africa .... 


8 


3.0 


North America . 


9 


4.4 


South America 


10 


9.0 


Asia 

(except USSR). 


22 


20.0 


Europe 

(except USSR). 


10 


10.8 


Oceania .... 


3 


.2 


USSR .... 


5 


5.0 


Total . . . 


70 


52.14 



Source: Forecasted production, Meseck (1962); 1965 
production, FAO Yearbook, 1966. 

or from integrated values based on varying produc- 
tivity rates, one might arbitrarily allocate such 
estimates according to ocean surface areas, as 
follows: Pacific, 53 per cent; Atlantic, 25 per cent; 
Indian, 22 per cent. 

The relative degree of utilization of the ocean’s 
fishes in an aggregate sense might be approximated 
by the ratio of present production to total 
potential yields estimated by various authors. For 
those estimates based on catch trends and fishing 
patterns and limited by present technology, the 
ratios, as of 1964, would run from approximately 
25 to 92 per cent utilization. In terms of biological 
potential, however, the ratio of harvest to total 
yield potentials ranges from about 3 to 25 per 
cent. 

It is possible to make some useful general 
statements about the relative utilization of major 
groups of marine animals. The demersal fish forms 
(fiounders, soles, cods, redfish), are probably the 
most fully exploited groups in terms of their total 
potential. The Indicative World Plan Working 
Group on Marine Resource Appraisal (1966) con- 
cluded that there are no large demersal fish stocks 
left unexploited in the Northeastern Atlantic. In 
view of the rapid expansion of trawl fisheries in 
the Eastern Pacific and the historically heavily 
exploited Asian stocks of demersals, one can 
hardly expect a general increase in production of 
demersal fish in the Northern Hemisphere. This 
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does not, however, preclude further development 
of local stocks in the Gulf of Alaska, the Gulf of 
Mexico, and several other areas. Very recent egg 
arid larvae research suggests, however, that even in 
the North Atlantic very large populations of sand 
lance and blue whiting arc being exploited at very 
low proportions of their potential yield. 

The Southern Hemisphere does have under- 
utilized demersal stocks, particularly in the waters 
off both coasts of South America and New 
Zealand, and further development will occur off 
West Africa. This is tempered, however, by the 
fact that nearly 70 per cent of the Continental 
Shelf areas of the world lie in the Northern 
Hemisphere, and most of these areas are rather 
intensively exploited. As a rough estimate, we 
might assume that demersal fish stocks are now 
providing about 60 to 80 per cent of their total 
potential, given present techniques and market 
preferences. The ultimate potential may be irmch 
greater. 

Pelagic fish stocks (tuna, sardines, jacks, 
anchovies, hakes, etc.), have considerable potential 
for Increased production. As with demersal fish, 
utilization is now most intensive In the Northern 
Hemisphere, and the potential for growth is 
greatest in the Southern Hemisphere and in the 
Arabian Sea. It is extremely difficult to fix the 
degree of utilization of pelagic forms in realistic 
terms, but obviously only a small percentage of 
the biological potential of pelagic fishes is being 
utilized, perhaps less than 5 per cent. 

Of the major shellfish and invertebrates, clams 
have been little touched. Oyster nocks are under 
considerable pressure, but shrimp, despite very 
strong market demands, are still capable of sup- 
porting much greater production. 

If we look beyond present forms of fish 
considered marketable and present areas con- 
sidered capable of supporting economically profit- 
able operations, the following considerations are 
relevant. Most of the world catch of marine fish 
comes from waters over the Continental Shelf at 
depths less than 200 fa (horns. Only about eight 
per cent of the surface area's of the oceans may be 
classified as shelf areas. The refining 92 percent 
encompasses the continental slopes and deep basin 
regions. It is estimated by Bogdanov (l9fA) that 
about 90 per cent of the world's catch is taken 



from the small area defined as continental shelf 
waters. As might be expected, ou economic 
grounds, man’s fishing efforts are centered on 
regions which are most accessible and where 
environmental conditions operate to concentrate 
fish. 

On a per unit basis, waters beyond the shelf are 
producing only one-eightieth as much as the shelf 
waters. The productivity of mid-ocean waters, at 
least of the forms now most useful to man, would 
be expected to be lower than over the shelf, of 
course. Very large parts of the high seas have 
primary productivity less than one-fifth that of the 
present fishing areas, and in many cases it is less 
than one-tenth. No primary production occurs 
below a depth of about 150 meters. Nevertheless, 
the degree of utilization in the open oceans is even 
smaller than the expected availability of fish. 

There are great quantities of squid, lantern 
fishes, pomfrets, bristle mouth, jacks, tuna-like 
fishes, etc., which inhabit open ocean regions, but 
effective utilization of many of these will call for 
development of new harvesting technology. Per- 
haps as much as 40 to 60 per cent of estimated 
biological potential is tied up in fish and shellfish 
inhabiting the open oceans. If fishing systems were 
stabilized at present efficiency levels there would 
be tittle hope of really major increases in the 
harvest of pelagic fishes in the open oceans (and of 
some pelagic forms which overlie the shelf as well). 
There are, however, some underutilized and un- 
used fish stocks which are available for harvest 
with conventional gears. Such potentials are avail- 
able in varying degree in almost all areas of the 
world. 

Present knowledge is admittedly not very defin- 
itive as to the area? and resources that will supply 
future catches. At the moment it seems likely that 
continued fisheiies growth over the next decade 
will come largely from continued geographic cx* 
panrion. Production will increase in the Southern 
Hemisphere as a result of greater efforts to utilize 
the hakes and sardine-like fish off Africa and the 
Cast and West coasts of South America, and 
pelagic fishes off New Zealand and Australia. 

There will be some expansion In demersal 
fisheries from these same waters, but the increase, 
relative to current production, will not be large. In 
the Indian Ocea (Arabian Sea) there is apparently 
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a good possibility of expanding pelagic fish catches 
and in the Northeastern Pacific further increases in 
flounder catches are likely. 

The following species and areas appear to have 
the greatest growth potential contingent on exist- 
ing technology: 

-Herring-like fishes. Arabian Sea, California, 
Chile, Argentina, Gulf of Alaska, Gulf of Mexico, 
Venezuela, Northern Brazil, West Africa 

-Hakes. Chile, Peru, Mexico, Argentina, West 
Africa 

-Clams. Worldwide 

-Flounders. Northeast Pacific, Patagonian Shelf, 
New Zealand 

-Tuna and jacks and some saury. New Zealand, 
Australia, Mid-Pacific, Atlantic. 

If we anticipate continued development of our 
ability to locate, concentrate, and harvest, the 
following marine forms might provide major in- 
creases in production: 

-Squids 

-Clams 

-Pelagic ocean fishes, such as bristle mouth, saury, 
tuna, jacks, and pomfrets 

-Redfish 

-Smelts and herring-like fishes 

-“Deep sea” form$-(500-2,000 meters) (eg., 
rattails). 

This discussion has been limited to fish and 
shellfish, but we should not overlook the likeli- 
hood that man may evolve extractive processes 
which will allow him to move further down the 
food chain. Soviet scientists and technologists 
working on the harvest of krill in the Antarctic 
regions estimate a potential annual production 
ranging upward from 100 million metric tons. A 
similar product forms the basis for • large part of 
the fish sauce used extensively in Southeast Asia 
and Japan. A breakthrough which makes it eco- 
nomically possible to harvest forms lower in the 



food chain would greatly alter concepts of ocean 
food potentials. Similarly, greater efforts to har- 
vest bivalves which also feed on sources close to 
primary production would greatly increase ocean 
yields. 

Full use of natural potential does not preclude 
the possibility of increased production through 
environment control and extensive marine culture. 
As yet, however, these types of productive effort 
are limited in scope, and even in Japan they have 
been concentrated almost entirely on high-valued 
luxury items with relatively low production and in 
estuarine areas. 

The pace of science has tended to make all 
forecasts In the natural resources area unduly 
pessimistic in retrospect, and the same may be true 
in the ocean fisheries field. Nevertheless, it is a 
hard fact that most of the unused and under- 
utilized protein potential from the sea is distrib- 
uted over vast areas in extremely low concentra- 
tions. In many respects the technological task of 
using these resources-location, concentration, and 
low-cost processing of large niasses-is quite similar 
to the job facing the potential user of minerals 
from the sea, except that the mobility factor 
makes it even harder to utilize fish resources 
efficiently. 

If man is to take the largest remaining step in 
harvesting the living organisms of the sea he must 
first make some very large preparatory jumps at 
the scientific and engineering levels. 



IV. THE NATIONAL FISHERIES 
A. Demand 

The Economics Division of the Bureau of 
Commercial Fisheries is now undertaking detailed 
analysis of factors affecting the demand for fish, 
from which more reliable long run forecasts can be 
made. At the moment, it is possible to indicate 
only in general terms what these factors are and 
the direction of change in demand each may be 
expected to Induce. 

The following major factors determine total 
national demand for fish: 

-The level of personal income per capita 
^Aggregate size of the population 
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-Dietary habits of specific groups for whom 
religious customs and differences in national origin 
affect per capita consumption of fish 

-Price, availability, and relative quality of closely 
substitutable products, of which meat and poultry 
are much the most important 

-Tastes and preferences, including the relative 
importance attached by consumers to shopping 
convenience and ease of storage and preparation as 
opposed to nutritive value or flavor of the fish 
itself. 

1. Per Capita Income 

Overall direct consumption of fish in the 
United States does not appear to be affected 
significantly by changes in per capita income, but 
this aggregate stability conceals wide differences in 
the sensitivity of species to rising consumer in- 
come. As would be expected, the strongest in- 
fluence of income on demand for fish products 
centers on: high-valued species with particularly 
desirable flavor and texture; species that lend 
themselves to relatively easy and convenient prepa- 
ration, particularly those that can be sold in 
packaged fillet and stick form; and shellfish. Fin 
fish of lower quality, particularly those that are 
not suitable for filleting and freezing, are likely to 
show zero or even negative response to income 
changes, as lower Income consumers who take the 
bulk of these fish shift to more desirable sea foods 
and to meat and poultry with rising income. 

2. Population: Size and Ethnic Composition 

Population increase should have a nearly linear 
effect on the demand for fish, with some modifica- 
tion to reflect changes in the relative weight of 
groups whose national origin or religious practices 
create a special demand for fish products. 

This latter modification may have a slightly 
negative effect on the demand for fish products in 
the United States. Immigrants from countries 
where large amount of fish are consumed tend to 
eat more sea food in this country as well, but this 
influence dies away as succeeding generations drift 
into more conventional American consumption 
patterns. It is also possible that the newly author- 
ized modification of dietary restrictions on Catho- 
lics with respect to eating mt ut may influence the 



demand for fish products, but the direction of 
change is not clear. Presumably, Friday purchases 
of fish will be reduced, but this may well be offset 
by increasing consumption on other days of the 
week, not only among Catholics but among others 
as well. Neither effect appears strong enough to 
modify significantly the conclusion that aggregate 
demand for fishery products as a whole would 
follow closely changes in the aggregate size of the 
population. 

3. Substitutes 

Over the next 10 to 15 years, the price and 
availability of the principal substitutes for fish- 
meat and poultry-are expected to be highly 
favorable; this will act as a damper on the demand 
for fish products. The most authoritative forecast 
of prices of meat, poultry and other f ods, 
Landsberg et. al. (1963), points out that while the 
recent technical revolution in poultry production 
has hrgtly run its course, some continued down* 
ward movement in prices can be expected, and 
there is no reason to anticipate a subsequent 
increase. Similarly, they forecast a gradual bottom- 
ing out of prices at lower levels for the majority of 
U.S. red meat sources. For fish products consumed 
directly, the "ceiling” imposed by the dominant 
red meat and poultry segment of U.S. protein food 
supplies will continue to be a fairly tight one for 
the next two decades. This does not apply to fish 
meal, however, since it is an important input for 
the poultiy, dairy, and meat industries. 

4. Tastes and Preferences 

The most striking change in the national market 
for fish products has been the shift toward 
freezing and packaging (a trend affecting many 
other perishable foods). It Is unlikely, however, 
that these trends will affect the total demand for 
fish appreciably; they represent essentially changes 
in consumer preferences for processing and mar- 
keting components of the Final product, and their 
^npact on the demand for raw fish Involves a 
change in specks composition (and perhaps in 
quality requhsmenls) rather than a net addition to 
consumer usage. 

On balance, then, it would appear togkal to 
assume that direct per capita consumption of 
edible fish products would remain stable in the 
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vicinity of the 9 to 11 pounds per year (edible 
weight) that has prevailed over a long period, with 
sliift factors roughly offsetting one another. On 
this basis, total edible fish consumption should 
increase at approximately the same rate as popula- 
tion, with greater increases in the demand for 
relatively high valued species and those that lend 
themselves to convenient storage and pre-prepara- 
tion. This is the conclusion reached by Landsberg, 
Fischman, and Fisher, and it parallels a similar 
analysis of demand for fish products in Canada 
conducted several years ago by W. C. MacKenzie 
(1961). 

The forecast of national demand for industrial 
fish products is much more favorable. The major 
items will continue to be fish meal and oil, both of 
which are still reaching new users and cutting into 
the markets of competing products. Since meal 
and oil are sold on a highly competitive world 
market, however, the U.S. competitive position 
must be improved if it is to share in growth of the 
domestic market. 

A second range of possibilities for expansion 
has been opened up by the development of fish 
protein concentrates for human consumption. This 
exciting new facet of the fishing industry is 
discussed in detail later. At this point, the panel 
simply notes that the technological problems of 
producing an acceptable product are well along 
toward solution, and it is believed that plants now 
in the planning stage will be able to produce fish 
protein concentrate at or below the critical cost 
level. While the peculiar marketing difficulties 



associated with dietary supplements of this type 
must sldl be resolved, the future appears bright for 
fisheries whose catches can be converted into fish 
protein concentrate. The basic experimental work 
was conducted with lean white fish (hake) but 
there is no reason to doubt that a wide range of 
other species not otherwise marketable can be 
used with the same process. 

Demand for fish protein concentrate from both 
national and international governmental sources 
should grow to substantial proportions given the 
keen interest in world nutritional problems. Over 
the long run, however, the necessity of using bulk 
supplies of very cheap fish and the pressure to 
promote local industry in underdeveloped areas 
suggest strongly that the American share of total 
fish protein concentrate production will fall, 
though the absolute level may continue upward 
even after world production begins to expand. 

Ft should be noted that U.S. demand for fishery 
products is highly selective, with a strong prefer- 
ence for relatively high priced fish and shellfish. 
Eight species groups of the 55 taken in commercial 
quantities by U.S. fishermen account for 80 per 
cent of the total catch value ; seven of these would 
be considered high valued items, and the other- 
menbaden-is used largely for meal and oil (much 
of which end up as poultry, meat, or dairy 
products). Shrimp, salmon, and tuna alone ac- 
count for nearly 50 per cent of the total landed 
value of the United States fisheries. 

The sheer magnitude of the total U.S. demand 
for fish and shellfish is startling. By 1967 con- 



S* • I -frf I 

• *r>* m kv* * ■'*-*► I 
CV <* I 
I 

C —« I 

©•**©* r* "ft*- I 



t tflgr* 2. Appro tret of Continent^ ShHf and upper tbpt fn squirt mitt /nauffraty 
by gcogripbk area*. 












| 

I 



o 



VIII 7 



sumption had reached about M billion pounds- 
nearly 12 per cent of total world production-and 
per capita consumption (including that used for 
oil, meal, and other industrial purposes) was about 
double the world average. The United States has 
become the largest market for marine fish and 
shellfish in the world and growth continues. 

Clearly, the failure of U.S. sea fish production 
to expand over the first three decades cannot be 
attributed to lagging demand. 

B. Production Possibilities for U.S. Flag Fisheries 

Most of the fish taken in North American 
waters are caught on or over the Continental Shelf 
areas. The character of the Outer Continental 
Shelf adjacent to various segments of the United 
States and the extent of shelf areas involved 
therefore play a major role in determining tbe'level 
and composition of the United States fishing 
industry. Figure 2 provides an approximation of 
the Continental Shelf areas in square miles (nauti- 
cal) adjacent to major subdivisions of the United 
States, ft is apparent that the extensive shelf areas 
adjacent to our country are mainly in the Bering 
Sea and Gulf of Mexico, with moderately ex- 
tended shelf areas in the central Gulf of Alaska 
and off the New England Slates. 

]. Scope of Existing U.S. Shelf and High Seas 

Fisheries 

The general dimensions of the American fishing 
industry are indicated in Tables 5, 6, and 7 and 
Figures 3 and 4. For detailed summaries of 
production and historic trends for major United 
States fisheries, readily accessible and authoritative 
sources are presented in Graham (196$) and 
Ketchan (1968). 

Several essential characteristics of the United 
States flag fisheries stand out clearty in these data. 
Most apparent is the absence of growth; landings 
have been virtually stable at between four and five 
billion pounds for the past three decades. Mean- 
while, world production of fish and shellfish has 
climbed from about 20 million metric tons in 
I9$0 to $7 million tons in 1966. U.S. consump- 
tion has also expanded rapidly, from about 44 
pounds (round weight equivalent) in 1950 to 72 
pounds in 1967, but the entire gross increase has 



been met from imports. The relative decline in the 
position of the U.S. fleet has been even greater 
with respect to landings used directly for human 
food. 

It is also evident that there are major differ- 
ences in the regional composition of catches. New 
England landings consist largely of ground fish and 
shellfish entering the fresh and frozen trade. High 
valued salmon, tuna, crabs, and oysters dominate 
the catch in the Pacific Coast States; groundfish 
assumed much greater importance after 1940, but 
have levelled off in recent years. Catches in the 
Mid-and S’mth Atlantic and G; ir areas are domi- 
nated in teims of volume by l« gs of industrial 
fish (principally menhaden) useu for meal and oil, 
but also produce large quantities of valuable 
shrimp, oysters and crab for the fresh and frozen 
market. The inshore fisheries of Hawaii are very 
small and stable; the bulk of the catch, by weight 
and value, comes from the tuna operation. 

The fisheries of the United States as a whole are 
heavily oriented to species taken on or above the 



Table 5 

U.S. CATCH OF FISH AND 
SHELLFISH, 1945-1967 



Year 


Landings 

(millions of pounds) 


Value 

(millions of dollars) 


1945 


4598 


270 


1946 


4467 


313 


1947 


4349 


312 


1946 


4513 


371 


1949 


4604 


343 


1960 


4901 


347 


1951 


4433 


366 


1962 


4432 


364 


1953 


4467 


366 


1954 


4762 


369 


1965 


4609 


339 


1956 


5266 


372 


1957 


4789 


364 


1966 


4747 


373 


1969 


5122 


346 


liA) 


4942 


364 


1961 


6187 


362 


1962 


6364 


396 


1963 


4647 


377 


1964 


4541 


389 


1966 


4777 


446 


1966 

1967 


4366 


472 


(preliminary) 4006 


440 



Source: fishery Suthtici of the United $t*tet, 19$$, US. 
Department of the tnterior, 1967, p. 19. current figures 
from the Bureau of Commercial f isheries. 



Table 6 

SUMMARY OF CATCH, 1967 1 



Region 




Fish 

(millions of 
pounds) 


Shellfish, 

etc. 

(millions of 
pounds) 


Whale 
products 
.mil lions of 
pounds) 


Value to 
fishermen 
(millions of 
dollars) 


New England . . , 




566 


59 


— 


70 


Middle Atlanvc . . 




95 


62 


- 


23 


Chesapeake . . , 




303 


120 


- 


35 


South Atlantic . . 




282 


65 


- 


25 


Gulf 




861 


276 


- 


126 


Pacific 




880 


245 


7 


140 


Great Lakes . . . 




80 


- 


- 


6 


Mississippi River 
& tributaries . . 




67 


43 




12 


Hawaii 




12 


2 


- 


3 


Total . . . . 




3,136 


870 


7 


440 



Source: U4>. Department of tht I nterior, 8ureau of Commercial Fisheries, 
'preliminary. 

*Less than 500,000 pounds. 




Figure 3. Rctirire rotun.e of the atch by 
Stitet. I96S . Source: tomu of Commerciri 
fisheries. Oeptrtmcnt of tht Interior. 

Continental Shelf. It is estimated that total non* 
shelf production accounts for no mote than 10 per 
cent by weight and )$ per cent by value, most of 
it consisting of tuna and tuna-like species. 



As indicated in Table 8, direct employment in 
the United States marine fisheries was only about 
133,000 in 1967 and a large, though unknown, 
proportion of these fishermen are only part-time 
participants. The number of fishermen has de- 
clined since I9S0, as a result of a slight but 
persistent tendency toward larger and more 
capital-intensive fishing units with a stable total 
catch. 



RELATIVE VALUE OF THE CATCH ftY STATES, IMS 
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Figure 4. RcUrt re rehre of the atch by 
Sates, 196* Source totem of Commcr* 
cist Fisheries, Depettmc nt of the Interior. 
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Table 7 

UTILIZATION OF FISHERY PRODUCTS IN THE UNITED STATES FOR 
SELECTED YEARS, 1946-1967 
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Table 8 

NUMBER OF U.S. FISHERMEN BY REGION 



Region 


1966 


1967 1 


New England .... 


18,518 


18,043 


Middle Atlantic . . . 


8,686 


8,413 


Chesapeake .... 


18,810 


18,225 


South Atlantic . . . 


10,594 


10,500 


Gulf 


25,309 


25,350 


Pacific (Washington, 






Oregon, and California) 


21,759 


21,600 


Hawaii 


744 


699 


Alaska 


19,412 


18,172 


Great Lakes .... 


2,118 


2,000 


Mississippi River 






and tributaries . . . 


15,367 


15,100 


Total (exclusive of 






duplication) . . . 


135,636 


133,102 



Source: U.S. Department of the Interior, Bureeu of 

Commercial F liberie*. 

'Preliminary. 



2. Potential Production 

Alverson (1968), Ahlstrom (1968), Bullii 
(1968), and Edwards (1968) provide the most 
current published estimates of the potential re- 
sources adjacent to various geographic sections of 
the United States. 

a. New England Edwirds (1968) estimated that 
total standing stock of demersal fishes adjacent to 
Ney England states was in the vicinity of 1 1 ,877 x 
10 pounds and that 9$ per cent of this standing 
stock is made up of 27 species (Table 9). The 
1963-6$ yield from these fishes was approximately 
2,630 x 10 s pounds, but the United Stales catch 
constituted only about 30 per cent of the total. It 
does not appear that demersal fish catches can be 
greatly increased in this area. In addition to the 
demersal fishes of the region, Edwards also sug- 
gest'd that the standing stock of squids is in the 
order of 700 million pounds and that there may be 
$0 million pounds of lobsters on the shelf adjacent 
to New England. Estimates of the potential yield 
for latent species are given in Table 10. 



United States landings from the area were 
valued cx-vessel at $68 million in 1964 and $75 
million in 196S. 

b. Mid- and South Atlantic and Gulf of Mexico 
Bullis (1968) has made estimates of the latent 
yields of fish and shellfish that might be expected 
from the Gulf of Mexico and the southeast 
Atlantic coast of the United States (Table 1 1). The 
Gulf of Mexico is believed to have one of the 
largest latent fisheries potentials of any area 
adjacent to the United States; Bullis foresees 
possible annual production in the order of 21.021 
million pounds. Potential yield from the middle 
and south Atlantic seaboard of the United States is 
estimated at about 1 1.434 million pounds. Bullis’s 
figures, which also cover current levels of produc- 
tion by U.S. fishermen, suggest that the present 
use rate of fisheries resources off the middle and 
southeast seaboard of the United States and in the 
Gulf of Mexico is a small fraction of the potential. 
U.S. landings in 1964 and 1965 were valued at 
$177 million and $206 million. 

c. Pacific Northwest (Oregon to Alaska) Pacific 
Northwest catches are dominated, in poundage 
and value, by several high-valued species already 
exploited rather fully: salmon, halibut, crabs, and 
oysters. Demersal species, particularly in the Gulf 
of Alaska and the Bering Sea are very lightly fished 
by United States vessels. 

Alverson (1968) provides authoritative data on 
fisheries potential of the Pacific Northwest. His 
estimates of the standing stocks and maximum 
sustainable yield for the 10 most Important 
demersal fishes found In this region are shown in 
Tables 1 2 and 1 3. Current production of demersals 
from this region by tU nations is in the order of 
three billion pounds. However, most of this total is 
harvested by foreign fishermen (mainly Russian 
and Japanese) in the Bering Sea and the Gulf of 
Alaska. US. production of demersal fishes In the 
Pacific Northwest accounted for only about 150 
million pounds of the total. In addition to 
demersal ftsh, Alverson sees a potential catch of 
shrimp from the Gulf of Alaska tnd Bering Sea of 
200 to 300 million pounds. The potential for crabs 
(king, tanner, and Dungeness) appears to be on the 
order of 250 million pounds. King and Dungeness 
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stocks are rather fully exploited at present, but Washington is not well known. Herring appears to 
tanner crabs are barely touched. be the dominant overshelf pelagic fish now under 

The extent of pelagic fish resources of the Gulf exploitation. There are large stocks of squid, 
of Alaska, Bering Sea, and off Oregon and pomfret and saury in the region, but they are 



Tabted 

ESTIMATED STANDING STOCK IN DECREASING ORDER AND AVERAGE ANNUAL 
CATCH FOR THE PERIOD 1963-1965 (NEW ENGLAND AREA) 

(to nearest million pounds) 





Standing 

Stock 


Average 


Average U.S. 


Percentage 




Annual 


Annual Catch 


of Catch to 




Landings 


(1963-1965 excl.) 


Standing Crop 


Silver hake (Whiting). . . . 


2,084 


638 


83.2 


30.6 


Sea herring 


1,824 


529 


97.6 


29.0 


Spiny dogfish (Crayfish) . . 


1,373 


+ 


00.4 




Haddock 


980 


337 


130.4 


34.4 


Red hake 


694 


176 


3.7 


25.4 


Pollock 


596 


54 


13.2 


9.1 


Thorny skate 1 


579 








Cod 


489 


166 


37.8 


31.9 


Ocean perch 


399 


54 


30.0 


13.6 


Little skate 1 


386 








Butter fish 


309 


10 


3.5 


3.2 


Gig skate 1 


295 


+ 






Argentine 1 


187 


9 




4.8 


Black back 


155 


32 


18.7 


17.3 


Yellowtail 


185 


93 


78.0 


50.3 


8arndoor skate 3 


178 


♦ 






Eel pout* 


171 


12 




7.0 


Goosefish 3 


142 


♦ 






American plaice (Sea dab) . . 


125 


9 


6.2 


7.2 


Alewtfe 


87 


42 


10.4 


48.3 


White hake 


72 


7 


6.4 


9.7 


Longhorned sculp! n J . . . 


71 


♦ 






Sand flounder (Fluke) 1 . . . 


68 


♦ 






Scup 


66 


♦ 






Grey sole 


32 


4 


3.4 


12.5 


Fourspot flounder 1 .... 


16 


♦ 






See raven 1 


10 


♦ 






All others 


308 


460* 






Totals 


11,877 


2,630 


597.1 


22.1 



1 Thk poundage InctudH species, espedtOy those landed but not recorded teperitety by verto* food fisheries and 
the Industrial fishery. Only a small part of this figure represents specie* not listed In table. 

*Not broken down k> US. fishery St Minks. 

J Not availed# In US. f ishery St Minks. 
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Table 10 

ESTIMATED SUSTAINED CATCH CAPABILITIES FOR VARIOUS LATENT OR 
LARGELY UNUSED FISHERY RESOURCES NEW ENGLAND AND 
MIDDLE ATLANTIC AREAS' 

(millions of pounds) 





Estimated Catch Potential 
by Areas 

ICNAF 3 Middle 

Subarea 5 Atlantic 


Estimated Annual Potential 
Catch Total 


Flyingfish 


6.6 


11.0 


17.6 


Grenadiers 


40.0 


11.0 


51.0 


Anchovies 


6.6 


15.0 


21.6 


Send Launce 


6.6 


2.2 


8.8 


Bluefin tuna 


15.0 


4.4 


19.4 


Yellowfin tuna 


- 


11.0 


11.0 


Skipjack 


65.0 


22.0 


77.0 


Little tuna and others . . . 


2.2 


2.2 


4.4 


Swordfish 


4.4 


2.2 


6.6 


Sharks 


77.0 


66.0 


143.0 


Invertebrates 








Northern shrimp 


55.0 


- 


55.0 


Red crabs and others . . . 


2.2 


2.2 


4.4 


Ocean Quahogs 


11.0 


114.0 


126.0 


Surf clams 


5.0 


85.0 


90.0 



' Estimates courtesy Keith A. Smith. 

’ Inter netionel Commission for Northwest Atlantic Fisheries. 



virtually unused. Perhaps the target! unknown 
potential in the Pacific Northwest region is that 
for motlusks. Very large quantities of clams known 
to inhabit the inter-and tubtidal areas in the waters 
of this region. There is no information, however, 
upon which to quantify their potential. Perhaps 
more Important, the recurrent toxicity of these 
shellfish in Alaska waters makes it impossible to 
market them at present. 

The utilization of the extensive butter clam 
resource in Southeastern Alaska has been re- 
stricted since 1946 when the U.S. Food and Drug 
Administration found that the clams may contain 
a naturally occurring toxic substance, identical to 
that sometimes found in mussels in California. The 
toxin Is derived most commonly from a dinoflagel- 
late plankton, Gonyeu fax cetenHIa. Frequently, 
but not always, these plankton produce endoge- 
nously a potent neurotoxin that is retained by the 



butter clams In the areas of occurrence. Since 
these episodes cannot be predicted, except in a 
general way, clams from Alaska beaches must be 
sampled and analyzed at the time of harvest to 
assure a safe product. The extensive Alaska butter 
clam resource cannot be utilized on a large xale 
economically until the problem of monitoring the 
toxin occurrence at time of harvest is solved. 
Alternatively, practical methods of processing or 
treating the clams to eliminate the toxin at point 
of harvest might be developed and enable utiliza- 
tion. 

The 1964 and I96S values to American fisher- 
men in this region were SI 34 million and S16? 
million. 

d. California The Continental Shelf area off 
California Is relatively narrow and the potential 
yield of demersal fishes relatively small. It will 
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Table 12 

ESTIMATED STANDING STOCKS FOR THE 10 MOST ABUNDANT DEMERSAL 
FISHES IN THE NORTH PACIFIC 
(thousand* of tons) 



Species 


Transition 

Zone 1 


Gulf of 
Alaska 1 


Bering 

Sea* 


Total 


Yellowfin sofe 


- 


8 


2,000 


2,010 


Walleye pollack . . . . 


60 


130 


1,500 


1,690 


Pacific ocean perch . . . , 


860 


370 


150 


1,380 


Rock sole 


30 


115 


1,225 


1,360 


Arrowtooth flounder . . . 


180 


435 


200 


815 


Pacific hake 


750 


- 


- 


760 


Spiny dogfish 


450 


25 


- 


476 


Flathead sole 


- 


145 


200 


345 


Pacific cod 


45 


80 


140 


265 


Dover sole 


120 


80 


6 


205 



'Oregon to Cape Spencer Alaska. 
J Cape Spencer to Unlvak Pass. 

* All waters ol Eastern Bering Sea. 



Table 13 

ESTIMATED SUSTAINABLE YIELDS (OREGON TO BERING SEA) FROM THE 10 MOST ABUNDANT 
COMMERCIALLY USABLE DEMERSAL FISH AND HARVEST LEVEL FOR SPECIFIED YEARS 

(thousands of tons) 



Species 


Estimated Maximum 
Sustained Yield 


Catch 

(highest) 


Year 


Catch High Five 
Consecutive Years 
(average) 


Years 


Catch 

1966 


Yellowfin sole . . . 


201-401 


550 


1961 


340 


1959-1963 


140 


Walleye pollack , . 


169-338 


260 


1966 


130 


1962-1966 


260 


Pacific ocean perch . 


138 276 


470 


1965 


271 


1962-1966 


315 


Rock tola .... 


136-272 


8 


1964 


4 


1962-1965 


8 


Pacific hake . . . 


160-270 


175 


1967 


160 


1966-1967 

(only) 


130 


Arrowtooth flounder 


82-164 


39 


1964 


22 


1962-1966 


18 


Flathead sole . . . 


35-70 


11 


1964 


9 


1962-1966 


5 


Dover sole .... 


21 42 


9 


1963 


7 


1960-1964 


4 


Pacific cod .... 


27 54 


42 


1966 


27 


1962-1966 


4 


Spiny dogf ish . . . 


20-30 


67 


1944 


37 


1941-1945 


4 
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probably not exceed 150 million pounds. Pelagic 
fishes, on the other hand are abundant in the 
offshore waters. Ahlstrom (1968) indicates an 
anchovy population in these waters in the order of 
4 to 5 million tons, from 1 .4 to 2.4 million tons of 
jack mackerel, and 2 to 4 million tons of hake. In 
addition he feels that there are large stocks of 
saury in the offshore waters and forecasts a 
standing stock of at least 450,000 tons of this 
species. California waters also abound in squids 
and other small pelagic species. The extent of clam 
populations is not well documented. There are fair 
quantities of Dungeness crabs in the shallow 
waters inside 50 fathoms off California, but these 
populations are probably being harvested at their 
maximum level at the present time. Current 
catches of the major species of fish and shellfish 
taken off California are given in Table 14. United 
States fishermen received $50 million in both 
1964 and 1965; about $35 million each year 
represented values for non-shelf species (tuna and 
luna-like fishes). 

e. Hawaii The potential of demersal fishes in the 
Hawaiian Island area is now being investigated. In 
recent years there has b^en increasing interest in 
the possibilities of harvesting penaeid shrimps 
from these waters. There are no data available on 
which to quantify these potentials at the present 
time. Large stocks of pelagic fish, particularly 
tuna, do occur in waters adjacent to the Islands, 
but most of these inhabit waters well beyond the 
outer limits of the Continental Shelf. In 
1964-1965, for example, about 80 per cent of 
landings in Hawaii consisted of tuna, and these 
species accounted for about $2 million of the total 
landed value of $2.8 million in 1964 and $2.7 
million of the 1965 total of $3.6 million. 

f. Overall Production Potential Total United 

States fish and shellfish production in recent years 
has fluctuated between four and five bill* 
pounds with an annual ex-vessel value of abou 
$420 million. It is apparent from the work* >1 
Graham (1968), Ketchen (1968), and K 

(1968) that considerable quantities of fisi, 
harvested on the Continental Shelf adjacent to e 
United Stales by foreign fishermen. Wh 
production is also considered, the total yields : 
over the Continental Shelf adjacent to the U:v 



States probably approach 10 billion pounds with 
an estimated value in the order of $605 million. 
While it is not certain that United States fishermen 
will ultimately capture any great share of the 
production now being taken by foreign fishermen, 
it must be considered in evaluating the resources 
currently extracted from the shelf areas of the 
United States. 

It would appear from the work of the various 
authors noted above that the ultimate potential of 
fisheries resources overlying the Continental Shelf 
off the United States is in the order of 50 billion 
pounds or roughly 10 times present United States 
production. Much of this would be very low 
valued, however, and much of it cannot be 
harvested profitably using present fishing tech- 
niques and conventional end products. 

3. The Great Lakes Fisheries 

These fisheries are discussed separately, since 
they are operated in an environment entirely 
different than that of the sea. Though they have 
never approached the major sea fisheries in ton- 
nage, they were, for a long period of time, 
dominated by relatively high valued species, and 
the resulting economic contribution was by no 
means negligible. In addition, the Great Lakes 
offer an important and in some respects unique set 
of recreational opportunities, including sport fish- 
ing, to the tremendous population within easy 
driving distance (perhaps 25 per cent of the entire 
population of the United States). The management 
of the living resources of the Great Lakes is 
therefore a matter of national concern. 

a. Present State of the Fisheries The sad state of 
the American commercial fisheries of the Great 
Lakes stands out clearly in the figures of Tables 
15-18. During the early flush days of the Great 
Lakes fisheries, from 1897-1908, U.S. landings 
averaged 102.3 million pounds. By the 1914-1928 
period, U.S. landings had dropped to 85.3 million, 

1 from 1929-1963 they averaged only 75.9 
uiili >n. The total U.S. catch in 1963 was the 
lowest on record-55.8 million pounds-and the 
ubsequent sharp increase in 1966 and 1967 
lesulted only from a very large increase in the 
harvest of alewives (an extremely low-valued 
species). Total landings have held Up much better, 
>f mrse, since Canadian catches have increased. 



Table 14 

CALIFORNIA FISHERY: AVERAGE YEARLY CATCH OF FISH AND 
SHELLFISH BY CALIFORNIA FISHERMEN, BASED ON FIVE YEAR AVERAGE VALUES 
FOR 1955-1960, 1961-1965, AND 1966 
(thousands of pounds) 



Fish and Shellfish 


Average Yearly 
Catch 1955-1960 


Average Yearly 
Catch 1961-1965 


1966 

Catch 


Tuna and tuna-like fishes 


Albacore 




36,020 


18,190 


Bluefln 


. . . 18,230 


24,310 


34,820 


Bonito 




4,580 


19,150 


Skipjack 




81,010 


51,090 


Vellowfin 


. . . 141,600 


146,210 


132,595 


Yellowtail 




170 


245 


Pelagic wetfishes 


Anchovy 


. . . 24,210 


5,130 


62,280 


Herring 


. . . 1,770 


840 


240 


Jack Mackerel 


. . . 58,460 


87,900 


40,975 


Pacific mackerel ..... 


. . . 42,700 


33,360 


4,515 


Sardine 


. . . 80,940 


16,120 


880 


Squid 




13,260 


19,025 


Bottom fishes 


Flatfish 




20,410 


22,145 


Hake 


. . . 1,020 


90 


70 


Ling cod 




1,070 


800 


Rockfish 


. . . 15,480 


9,980 


10,060 


Sablefish 


. . . 2,220 


2,150 


3,215 


Other fin fishes 


Barracuda 


. . . 940 


510 


320 


Salmon 


. . . 6,710 


8,460 


9,445 


Shad 


. . . 180 


0 


0 


Sharks and skates 




880 


795 


Smelts and white bait . . . 




600 


685 


White croaker 




820 


790 


White sea bass 


. . . 2,020 


1,000 


1,340 


All others 


. . . 1,910 


3,880 


4,505 


Crustacea and mollusca 


Abalone 


. . . 4,550 


4,340 


4,915 


Crab 




4,900 


12,675 


Oyster 




5,000 


800 


Shrimp . 




1,690 


1,230 


Spiny lobster 


. . . 570 


490 


485 


Others 


. . . 30 


40 


20 


Total fish and shellfish 




515,220 


<58,300 
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Table 15 

GREAT LAKES CATCH, 1879-1967 1 
{thousands of pounds) 



Year United States Canada Total 



1879 66,891 9,347 76,238 

1890 111,650 28,646 140,196 

1903 94,185 18,839 113,024 

1920 73,168 31.680 104,848 

1930 87,412 28,354 115,765 

1940 76,588 21,770 98,358 

1950 68,906 26,502 96,408 

1960 65,936 37,918 103,854 

1961 67,140 45,368 112,508 

1962 61,850 53,534 116,384 

1963 55,823 42,794 98,617 

1964 53,559 34,045 87,604 

1965 54,166 43,579 97,735 

1966 67,726 47,813 115,539 

1967 s 78,300 41,500 ' 119,800 



Source; U.S. Department of the Interior, Fish end Wildlife Service, Fishery Statistics of the United States, 1963 and 
1965; current figures from Bureau of Commercial Fisheries. 

J The above data do not include the international lakes. 

2 

Preliminary. 



Far more disturbing are the changes that have 
occured in the composition of the landings. The 
traditional high-valued lake trout, whitefish, blue 
pike, and walleye have declined drastically relative 
to the total. The only species for which increases 
were recorded were the low-valued species, such as 
chubs, carp, yellow perch, and alewives. 

b. Causal Factors No one factor can be singled out 
as the cause of the decline of the Great Lakes 
fisheries. It is actually attributable to a complex of 
problems, some of them inherent in the physical 
setting, some due to commercial pressures, and 
some due to inadequate public policy. In this 
section, a brief summary of the key developments 
is present. Detailed analyses may be found in 
Brouillard (1963); Beuttner (1963); Smith (1968). 

One of the major sources of difficulty with the 
exploitation of living resources of the Great Lakes 
is the complex ecology of the region. The Great 
Lakes are relatively new bodies of water, and fish 
populations have not had sufficient time to de- 
velop into stable, organized systems making full 
use of the biological capacity of the lakes, as 



Table 16 

QUANTITY, VALUE, AND AVERAGE PRICE, 
U.S. GREAT LAKES FISHERIES, 1940-1066 



Year 


Quantity 


Valua 


Average 

price 




(millions 


(millions 


(cents 




of pounds) 


of dollars) 


per pound) 


1940 


79.1 


5.6 


7.1 


1945 


78.6 


13.8 


17.6 


1950 


70.9 


108 


15.3 


1955 


76.8 


9.7 


12.6 


1960 


68.2 


7.1 


10.4 


1961 


70.6 


7.0 


9.9 


1962 


65.6 


5.3 


8.1 


1963 


69.0 


5.3 


9.0 


1964 


56.7 


5.6 


9.9 


1965 


55.9 


5.8 


10.4 


1966 


69.4 


5.9 


8 5* 



Source: 1940 to 1959. Keith Brouillard, Economic Re- 

view of the Great Lakes Commercial Fisheries, 1940-59, 
U.S. Department of the interior, Fish and Wildlife Serv- 
ice Circular L4L, Washington 1963; I960 to 1966, Fish' 
ery Statistics o* the United States, 1966 . 

1 Preliminary. 



Table 17 

U S. GREAT LAKES CATCH BY STATES, 1935-1063 1 
iThouwndi of Pound*) 



Year 


New York Pennsylvania 


Ohio 


Michigan 2 Indiana 3 Illinois 


Wisconsin 


Minnesota 


Total 


1935 


1,475 


3,271 


25,191 


30,621 


435 


1,300 


16,330 


8,390 


87,011 


1940 


1,970 


2,295 


18,996 


26,045 


624 


1,943 


17,006 


7,81 1 


76,588 


1945 


2,281 


3,514 


22,172 


23,960 


54 


1,621 


19,044 


4,768 


77,413 


1950 


574 


2,236 


20,225 


23,153 


34 


1,576 


18,400 


2,708 


68,906 


1955 


2,079 


3,056 


20,388 


25,438 


13 


1,521 


20,196 


2,516 


75,207 


I960 


589 


1,015 


18,011 


25,021 


16 


324 


18,394 


2,565 


65,936 


1961 


697 


1,286 


15,810 


24,535 


t4 


340 


21,925 


2,334 


67,140 


1962 


680 


2,150 


15,225 


22,121 


6 


289 


19,075 


2,303 


61,850 


1963 


502 


1,412 


14,223 


20,326 


6 


285 


16,916 


2,153 


55,823 


1964 


446 


817 


11,230 


19,769 


11 


645 


18,570 


5,199 


56,187 


1965 


442 


515 


11,528 


19,748 


7 


180 


20,124 


3,361 


55,905 


1966 


457 


573 


10,516 


21,284 


- 


303 


32,822 


3,409 


69,364 


1967 


500 


600 


9,900 


28,000 


- 


300 


36,000 


3,000 


78,300* 


Source: n S, Department uf the Interior; Fish and Wildlife Service, Fishery 








Statistics of the Umteo States, 1963 and 1965 . 












1 Data do not include the international take. 














^Beginning with 1944, the catch by Indiana fishermen in Michigan waters, is Included with the 




production for the StaU 


of Michigan. 














^Preliminary. 


























Table 18 












U.S. GREAT LAKES CATCH OF SPECIFIED SPECIES, 1940-1966 












(thou? jnds of pounds) 








Year 


Blue 

pike 


Chubs 


it . Lake 

Herring 

trout 




Carp 


White- 

fish 


Yellow 

perch 


Walleye 


1940 


5,073 


2,411 


22,480 9,859 




5,998 


4,678 


6,451 


6,072 


1945 


7,849 


4,666 


22,290 8,980 




6,460 


3,529 


3,273 


6,604 


1950 


6,236 


9,413 


17,454 3,255 




4,209 


5,270 


4,851 


7,856 


1955 


7,679 


11,367 


16,589 2,101 




6,547 


1,999 


7,066 


7,205 


1960 


12 


16,853 


11,111 384 




7,343 


830 


10,238 


t, 798 


1961 


i 


7,218 


6,261 102 




5,280 


1,423 


8,303 


905 


1962 


1 


14,428 


10,050 258 




7,646 


1,027 


12,024 


852 


1963 


i 


11,023 


8,;?/ 127 




6,299 


900 


11,275 


1,264 


1964 


i 


7,218 


6,261 102 




5,280 


1,423 


8,303 


905 


1965 


i 


10,920 


4,830 124 




6,652 


1,648 


5,498 


727 


1956 


i 


9,992 


4,576 120 




7,263 


1,972 


6,164 


752 



Source: 1940 to 1959, Keith Brouilfard, Economic Review of the Great takes Commercial Fisheries , 1940 59, U,S. 
Departnnent of the Interior, Fish and Wildlife Service Circular L4L, Washington 1963; 1960 to 1966, Fishery Statistics 
of the United States, 1916. 

*Le$s than 600 pounds, 
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would be expected in older bodies of water of 
comparable size and composition. As pointed out 
by Tanner (1965), the fish life in the Great Lakes, 
just prior to the appearance of the sea lamprey was 
relatively thin, with fragile and unstable relations 
among predators and their prey. As a result, the 
biological balance of the Great Lakes has been up- 
set to an astonishingly large degree by a series of 
shocks; the introduction of exotic species, some 
from saltwater and some from fresh; man's own 
selective fishing activities; and the flagrant pollu- 
tion and misuse of the coastal zones of the Great 
Lakes. 

No other factor has done as much to damage 
the aggregate economic productivity of the Great 
Lakes fisheries as the invasion of the sea lamprey. 
Originally landlocked in Lake Ontario, this nor- 
mally saltwater parasite found its way into the 
other Great Lakes through the Welland Canal. 
Water conditions in Lake Uric prevented any major 
destruction there, but when the lamprey moved 
into Lakes Huron, Michigan, and Superior, it 
expanded veiy rapidly with disastrous effects on 
some of the most valuable fish stocks in the lakes. 
The lamprey was particularly devastating to the 
lake trout, but it also attacked other valuable 
species, such as burbot and whitefish. Within a few 
years it had literally eliminated some of the major 
commercial fishing operations on the Great Lakes. 
An idea of tfic magnitude of its impact can be 
gleaned from the fact that the lake trout fishery, 
once valued at more than $4 million annually, had 
dropped to less than $100,000 in the 1960's. 

The effect of the lamprey invasion spread even 
further. It led to greater concentration of fishing 
effort on the remaining valuable species, with 
serious effects on these populations and on the 
total stock of predator;. Partly because of this, the 
alewifc, another saltwater fish long known in Lake 
Ontario, suddenly exploded into phenomenal 
growth in Lakes Huron and Michigan about 1955. 
This latest intruder is unwelcome in several re- 
spects; it is not directly usable for human con- 
sumption and brings priccsof only $15 to $20 per 
ton for fishmeal and oil or for pet food. More 
important, it is competitive with a variety of other 
species, for example, chubs, lake herring, and 
shiners. On the other hand, it serves as an excellent 
forage fish for trout and the recently introduced 
coho and Chinook salmon. The success to date of 



these introductions may be due, in part, to the 
abundance ofalewives. 

It has been argued by some biologists that the 
dangerous instability of the Great Lakes fish 
populations will be increased by the tremendous 
dominance of the alcwife. At present, it probably 
represents 90 percent of the total tonnage of fish 
in the Great Lakes. Greater stability and produc- 
tivity might be achieved if a multiple species 
complex of prey and an appropriate balance of 
predators, both natural and human, could be 
re-established, but this remains a matter of disa- 
greement. 

The Commission's deep concern over the deteri- 
oration of water quality in the Great Lakes has 
been developed more fully in the reports of other 
panels and need not be repeated here. We simply 
note that the problem has many dimensions that 
touch the fisheries, usually adversely. Industrial 
wastes and oxygen- depleting organisms fertilized 
by processed sewage have taken their toil. Unwise 
development of agricultural and forested areas has 
damaged the nearshore environment through soil 
erosion. Herbicides and pesticides have reached 
dangerous levels in many parts of the Great Lakes. 
The constant pressure for industrial and commer- 
cial locations on the lake front has inflicted 
irreparable damage on the shoreline environment 
in many areas, with consequent reductions in fish 
productivity. 

c. The Future Outlook It would be fatuous to 
argue that all of these adverse effects on the 
commercial and sport fishing potential of the 
Great Lakes could be reversed through imple- 
mentation of a single set of recommendations, 
however wise. The land-water interface of the 
Great Lakes will continue to become more con- 
gested, and the impact of the tremendous popula- 
tion and industrial concentration in the North 
Central states will inevitably involve some costs in 
terms of environmental quality in all the. Great 
Lakes. Nevertheless, there is evidence of sufficient 
public concern and of well conceded action 
programs to warrant limited optimism for the 
future. Cooperative efforts by the Canadian and 
U.S. governments, the States, and the Province of 
Ontario have brought the sea lamprey under 
control in Lake Superior, and the situation is 
sufficiently well in hand in Lake Michigan to make 
it feasible to undertake major rebuilding programs 



for valuable predator species. Thus far, lake trout 
appear to be well on the way towaid reestablish- 
ment; steelhead are doing well in some areas; and 
experimental plants of coho salmon in Lake 
Michigan offer exciting prospects for a major new 
sport fishery and some commercial harvest. 

Though much work remains to be done, Fed- 
eral and State fishery researchers have made 
progress in defining the management problems 
that must be resolved before something approach- 
ing the most desirable balance of species and 
harvesting can be achieved. This is not simply a 
matter of “restoring 1 ' the Great Lakes fisheries; as 
indicated above, biological relations in the lakes 
have been so unstable in the past as to suggest the 
need for conscious selection of species and meth- 
ods of harvest, with management and research 
programs geared to the technical requirements 
established by these choices. Nor could wc expect 
the choices, once made, to remain unchanged for 
all time. The Great Lakes still offer opportunities 
(or perhaps need is a better term) for experimenta- 
tion in producing outputs of greater benefit to 
mankind. 

It is ironic that one of the major problems 
facing the marine fisheries is of far smaller 
dimensions in the Great Lakes because of the 
economic disasters of the past two decades. The 
commercial fishery, never particularly noted for 
technological progressive ness, was so battered by 
these developments that it has dwindled down to a 
very few men and vessels. Consequently, it will be 
possible to reestablish commercial fishing with due 
recognition of the need for balancing commercial 
and sports effort and with controls that limit the 
number of operating units. Given this approach to 
management of the commercial fisheries, it should 
be possible to permit the use of more efficient gear 
than the traditional gill net, pound net, and trap 
net, and thus to realize significantly lower oper- 
ating costs than prevailed in the past. Jt must be 
recognized, however, that total potential from the 
Great Lakes is not large, in tonnage or value, and 
in terms of priorities the region offers less prom- 
ising prospects than many marine fisheries. 

Finally, the Great Lakes fisheries can only 
benefit from an aroused public demand for a 
national effort to control existing sources of 
pollution and to look beyond the present to future 
waste disposal programs that will permit eventual 
rehabilitation of most Great Lakes waters. 



The need for a regional fishery management 
effort is just as clear in the Gre,?t Lakes as in the 
marine fisheries. Eight States, the Province of 
Ontario, and the Federal Governments of Canada 
and the United States are involved. A considerable 
amount of progress has been made in developing a 
unified approach, including the vitally important 
step of standardizing statistical procedures. Never- 
theless, the need for full regionalization of the 
Great Lakes fisheries program is evident. There are 
a number of major policy problems that must be 
resolved us the rebuilding process gains momen- 
tum; for example, the allocation of fish between 
sport and commercial usage; techniques for con- 
trolling commercial fishing effort; the proper mix 
of species to be encouraged; and the presentation 
of a strong fishery case for effective water quality 
management. The recommendations for reorgani- 
zation to insure action in the National interest for 
marine fisheries are equally applicable to those of 
the Great Lakes. 

V. SPORT FISHING 

A. Relation to Overall Fishery Development 

Recreational fishing has become a major indus- 
try in the United States and a large part of the 
total sport fishing activity involves marine or 
estuarine species. As one of a variety of recrea- 
tional usages of the marine environment, sport 
fishing is an important element in the Com- 
mission's proposals for an expanded research and 
management effort in that area. In this section we 
are concerned only with its impact on living 
resources and on the present and future areas of 
conflict with commercial users of fish. 

It may clarify the following discussion to point 
out that the “output" of a sport fishery is not fish 
but fishing. The satisfaction is derived from the 
activity*, and the proper unit of measurement of 
output is not pounds or numbers of fish but 
numbers of fishing days. Obviously, the number of 
fishing days and the intensity of the pleasure 
derived from them are not independent of the 
number of fish taken or of the eating qualities of 
the catch. The relationship, however, is indirect 
and sometimes surprisingly loose. For example, 
there is tremendous interest in sport fishing for 
tarpon and bonefish, neither of which is normally 
regarded as edible, and there is an intensive sport 
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fishery for chtnook and silver salmon on the 
Pacific Coast even in areas adjacent to major cities 
in which the catch averager Jess than ,1 fish per 
angler day. 

In general, however, sport fishing interest tends 
to center on species that are also commercially 
valuable, and in all cases the number of angler days 
does respond positively to changes in angler 
success. On both grounds, there exists potential 
conflict between sport fishermen, commercial fish- 
ermen, and other users of estuarine and inshore 
water. The conflict may involve use of the same 



species, use of one species that serves as food for 
another desired type or competition for the same 
space with Incompatible equipment. 

The general dimensions of the saltwater and 
estuarine sport fisheries of the United States and 
of major regions are set forth in Table 19, Sev- 
eral points stand out in these figures. First, the 
sheer magnitude of sport fishing, in almost every 
coastal area of the United States, makes it a major 
user of inshore waters and adjacent land areas. 
Second, the average expenditures required to get 
to the fishing area, properly equipped, arc large 



Table 19 

SUMMARY OF SALT WATER ANGLING IN THE UNITED STATES 1 
FOR 1960 and 1965 





U S. Totals 


Atlantic Coast 3 Totals 




I960 


1955 


1960 


1965 


Number of fishermen , 


6, 198,000 


8,236,000 


3,383,000 


4,178,000 


Days spent fishing . . 


79,398,000 


95,246,000 


s 


65,950,000 


Dollars spent . , . . 


$617,572,000 


$789,789,000 


$346,373,000 


$331,179,000 


Total catch (pounds) 


1,380,301,000 


1,474,353,000 


731,852,000 


836,481,000 








Flatfishes, 


Bluefish, k’ng 


Top ranked species 






bluefish, 


mackerel, 


by weipht 






jacks, red 


striped bass, 






drum, 


groupers, 








striped bass 


porgy 




Gulf Coast 3 Totafs 


Pacific Coast 4 totals 




I960 


1966 


1960 


1965 




1,437,000 


2,084,000 


1,378,000 


1,974,000 




5 


22,390,000 


5 


16,906,000 




$144,857,000 


$176,104,000 


$126,342,000 


$282,506,000 




411,110,000 


376,676,000 


237,339,000 


262,297,000 




Sea trouts, 


Spotted sea 


Bonito, 


Bonito, rock* 




groupers, 


trout, red drum, 


yellowtail, 


fishes, 




spearfishes, 


white sea trout, 


barracuda, 


smelts, pacific 




red drum. 


Yellowtail 


striped bass, 


bass, striped 




jacks 


snapper, 


cabezon, 


bass 6 






tarpon 


sculp! ns 6 





Source: 8ureau of Census Survey for 8ureau of Sport Fisheries and Wildlife. 

'Does not include Hawaii. 

2 Maine to Florida Keys. 

3 Florida Keys to Mexican border. 

4 Alaska to Point Conception. 

5 Data not available. 

6 These rankings reflect the heavy population concentration in Southern California. North of San Francisco, sport 
catches of marine and anadromous species are dominated by Chinook and coho sclmon and steelhead trout. 
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enough to make sport fishing a major U.S. 
industry. The magnitude of sport fishing becomes 
even greater if its strong influence in expanding 
boating activities in the marine environment is 
taken into account. Finally, the demographic 
changes which are bringing an even larger propor- 
tion of the American people to or close to coastal 
areas imply a rapid rate of growth in demand for 
this kind of recreational service. This conclusion is 
strengthened by the fact that sport fishing, like 
other outdoor recreational activities, is highly 
sensitive to increases in personal incomes and 
leisure time. 

The point need not be labored. Sport fishing is 
big business; it is widely shared as an activity that 
touches the lives of a very large number of 
American families and it is tinged with an emotion 
that gives it a political and social strength beyond 
the number of participants. Clearly it must be 
considered a major factor in planning future use of 
the inshore and estuarine environment. It will not 
be easy to provide for the growing demands of 
saltwater anglers. Many of the most desirable sport 
fish are already under heavy pressure from both 
types of fishing and from progressive deterioration 
in habitat* It is becoming more difficult and 
expensive to provide convenient access to pre- 
ferred areas for fishermen and boats. Fishermen 
are increasingly in competition with other recrea- 
tional users of coastal and estuarine waters and 
problems of overcrowding are becoming all too 
common. Not only fish but space and the ability 
to reach the fishing area quickly and conveniently 
are required to meet the demand for sport fishing 
in both quantitative and qualitative senses. 

B. Areas of Expansion and Decline 

Expansion of marine sport fishing can be aided 
by removal of catch limits where such limits are 
not biologically justified. For example, no justifi- 
cation can be demonstrated at present for restric- 
tions on the catch of albacore, yellowtail, or 
rockfish. The only justification for these regula- 
tions on sport catch of marine fish is based on 
elimination of “waste of fish” and the setting of 
catch goals (limits) for the marine angler. Neither 
argument is tenable from the biological manage- 
ment point of view. There may well be cases where 
catch limits are required, however, to assure an 
optimal distribution of catch between sport and 



commercial usage, but this is a socioeconomic 
choice. 

Technologically, the marine game fish angler 
has progressed little in the type of gear and 
method of fishing in the past two decades. The 
introduction of the spinning reel, fiberglas rod, and 
synthetic fishing line represents the most notable 
change, and this change has increased the chances 
of fishing success; however, the basic techniques of 
capturing the various species remain much the 
same. To some extent this may reflect the tend- 
ency of many anglers to regard unproved gear or 
methods as “unsporting,” and consequent pressure 
to outlaw them. Development of the ability to 
predict the location and concentrations of fish and 
to locate and position major concentrations in the 
general area known as the “fishing grounds” offers 
the greatest opportunity for technological expan- 
sion. Increase of angler success could result in a 
larger increase in angler participation, since partici- 
pation is directly related to angler success. 

Unfortunately, there are possibilities for de- 
clines in several marine and anadromous species of 
importance to the marine game fish angler unless 
vigorous action is taken. Salmon and striped bass 
resources will be increasingly in jeopardy due to 
loss of natural spawning grounds and insufficient 
water flows to keep spawning areas in production 
resulting from the development of large water 
storage facilities and diversions. This can be 
mitigated to a degree by management of water 
flow on the remaining spawning ground: and to a 
small degree by the development of artificial aids. 
However, the long-term outlook for the salmon in 
the western United States and in the southern 
drainage systems, such as the Sacramento River, is 
for a decline unless considerably increased efforts 
in artificial propagation are forthcoming. 

Striped bass may also come under pressure as 
an important marine game species for the same 
reasons as salmon -reduction or elimination of 
freshwater spawning areas-though pressure on this 
species is much lighter on the Pacific Coast as 
compared to the Atlantic Coast. 

Declines in catch per unit effort in most marine 
game species can be expected. Major game species 
affected will be albacore, white sea bass, yellow- 
tail, barracuda, salmon species, bonito, mackerel, 
billfish, and rockfish. These declines will come 
about either if fishing by foreign nationals is 
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unrestricted or if proper management of the 
species listed is not exercised. 

Decline in species abundance can be expected 
for estuarine species in localized areas along the 
open coast unless a major national effort is 
undertaken to control pollution and poor use of 
both water and adjacent land areas. Those suscep- 
tible to increased pollution are the important 
species of striped bass, salmon, and seaperch in 
the estuarine areas and the coastal zone species of 
croakers, surfperch, flounders, kingfish, queenfish, 
and jacksmelt. 

C. Management of Sport Fisheries 

1. Requirements 

Apart from the methods of harvesting, there is 
no real difference in the technical requirements for 
effective utilization of the living resources of the 
sea by recreational as opposed to commercial 
users. There are, however, important differences in 
political and economic aspects. In both cases, 
highly valuable species, particularly if accessible 
and readily taken, may be fished to the point 
where depletion is threatened and some curtail- 
ment of fishing mortality is required. The sport 
fishery shares, to a lesser degree, the corollary 
problem of developing new species and new areas 
not fully utilized at present. Either task requires 
extensive exploratory and biological investigation 
to establish the distribution, temporal variations in 
availability, and yield potential of the populations 
involved. Indeed, many of the same types of 
devices to regulate the catch are common to both 
sport and commercial fisheries: catch limits, pro- 
hibition of certain types of gear, and closed 
seasons and areas. 

2. Jurisdictional Problems 

The portion of the Bureau of Sport Fisheries 
and Wildlife budget devoted to marine fisheries is 
very small. To some extent, this reflects the 
greater concern of the agency with fresh water 
fisheries and wildlife management. It also reflects, 
however, the same dispersion of authority among 
the States and Federal Government that was noted 
in the discussion of commercial fisheries. 

The jurisdictional problems involved are well 
illustrated by the situation with respect to salmon 



propagation and regulation on the Columbia River, 
the greatest single source of Pacific salmon in the 
continental l/nited States. Salmon hatcheries are 
operated on the Columbia by both State agencies 
and the Bureau of Sport Fisheries and Wildlife, 
with financial assistance from the Bureau of 
Commercial Fisheries. All of the States con- 
cerned-Washington, Oregon, and Idaho-have 
regulatory authority over sport fishing, ind in 
both Washington and Oregon a different State 
agency has jurisdiction over commercial fishing for 
the same fish. An interstate compact, the Pacific 
Marine Fisheries Commission, has some coordinat- 
ing and investigative authority over Iroll-caught 
chinook and silver salmon from the Columbia. 
And since Columbia River salmon do not recog- 
nize State and National boundaries, they are taken 
in British Columbia waters by commercial and 
sport fishermen and are at least partially subject to 
international negotiations. Much effort has gone 
into coordination with considerable success but 
coordination is at best a poor substitute for 
unified analysis and decision-making. 

The level and effectiveness of State programs 
designed to enhance, regulate, and protect marine 
and anadromous species of importance to sport 
fishermen vary widely. As in the case of commer- 
cial fisheries, there is serious friction in some 
instances (particularly where a given species is 
reserved for sportsmen in one State but can be 
taken by commercial fishermen in an adjoining 
State). Yet the Stutes have found it very difficult, 
and in some cases impossible, to achieve uniform 
regulations covering species that migrate freely 
over State boundaries. Problems of this sort are 
made even more difficult by the fact that statistics 
covering marine sport fisheries are generally more 
spotty in ^overage and less reliable than those 
covering commercial fisheries. 

Within the individual States, the development 
and regulation of sport fishing is handled in a 
number of different ways. In many States, com- 
mercial and State fishing are under a single agency. 
In others, separate agencies are responsible for 
sport and commercial activities even though the 
same species may be involved. A commission form 
of agency is common, although in many States the 
director of the appropriate fishery or fish and 
game agency is appointed by the governor. Regard- 
less of the form of organization, the number of 
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participants in marine sport fishing, the natural 
tendency for saltwater and fresh water sport 
fishermen to band together in common interests, 
and the dollar magnitude of the supporting service 
industry involved make sport fishing a potent 
political force in the coastal and Great Lakes 
States. 



3, Sources of Conflict 

It is apparent that the roots of conflict between 
sport fishermen and other users of estuarine and 
inshore waters are numerous. It is equally clear 
that biological knowledge of the relevant popula- 
tions involved is far from complete, even for some 
of the most important sport and commercial 
species. The result is a degree of confusion, 
ignorance, public misunderstanding, and emotional 
involvement that adds up to con licts far more 
severe and extensive than would be expected if the 
facts were more widely known. Tor example, the 
violent objections of both commercial and sport 
fishing interests to seismic exploration by petro- 
leum firms turned out to be largely unjustified 
after careful studies by fisheries scientists in 
cooperation with the industries involved. In some 
States, sportsmen have pressed for legislation 
prohibiting commercial use of species with little or 
no evidence of any adverse effect on recreational 
usage. In others, commercial fishery interests 
continue to use (and sometimes to overfish) 
species in areas and at times when they would 
make a greater economic contribution if reserved 
for sport fishing. 

Part of the controversy can be traced directly 
tc the absence of data sufficiently refined to 
distinguish the areas of real conflict from those 
that have no basis in fact. Even in the former, 
much can be done to minimize the problem. In 
many cases, adjustment of sport and commercial 
fishing seasons or areas to eliminate competition 
between incompatible types of equipment can 
resolve conflict to the net economic benefit of 
both groups. 

D. A Program for Resolution 

Although better communication and better 
scientific knowledge will go far to minimize 
unnecessary and distinctive controversy, the ines- 



capable fact remains that some fish and shellfish, 
valuable to both sport and commercial harvesters, 
are fully exploited; any increased utilization by 
one group must be at the expense of the other. 

It might be noted, parenthetically, that this 
situation is common throughout our entire econ- 
omy; for example, desirable business locations 
and unusually gifted personnel are always in short 
supply, and would be useful to many different 
kinds of employers, Jn general, the market mech- 
anism tends to sort out with reasonable efficiency 
the right factors of production for tire right task. 
Each tends to be employed where it will make the 
greatest contribution to total production and 
therefore earn the highest return. Unfortunately, 
this mechanism simply will not function in the 
case of competition among sport and commercial 
fisheries, since the market provides no comparable 
valuation of recreational usage of the resource. 
What is required is careful analysis, on a case by 
case basis, of the economic and non-economic 
values involved in the alternative usages and a 
subsequent allocation based, however roughly, on 
the principles that the general public benefit 
should be maximized. This task sounds more 
formidable than it is in many cases. What is needed 
is not a precise determination of dollar values, but 
rather a “better than-worse than” comparison, 
and these are frequently available from rather 
straight-forward analytical procedures. Moreover, 
it is rarely true that use of a given resource must 
be entirely sport or entirely commercial. 

Viitually all responsibility for management of 
sport fisheries is vested in the individual States at 
present. The role of the Federal Government is 
limited to research, technical assistance, and other 
service functions. Moreover, the Bureau of Sport 
Fisheries and Wildlife's resource management and 
investigation program includes management of 
wildlife refuges, wildlife research, and regulation 
of migratory birds and game. Less than 10 per cent 
of its budget for these purposes is directed toward 
fisheries, and an even smaller amount is spent on 
saltwater and anadromous species. 

As a result, areas of overlap with the Bureau of 
Commercial Fisheries are not large, and duplica- 
tion of effort has been largely avoided by effective 
coordination at both the top (through the office 
of the Commissioner for Fish and Wildlife) and at 
the operating level. 



Nevertheless, the present division of the Fish 
and Wildlife Service into a Bureau of Commercial 
Fisheries and Bureau of Sport Fisheries and 
Wildlife is unsatisfactory in concept and opera- 
tion in the marine environment, The two Bureaus 
are inevitably involved in activities relating to the 
same species, and it would be too much to expect 
that a perfectly smooth division of responsibilities 
could be achieved. 

It would seem only logical that all marine and 
anadromous fish, regardless of sport or commercial 
utilization, should be handled by a single agency. 
Alternatively, all Fish and Wildlife Service fishery 
activities might be consolidated in the BCF. The 
Fish and Wildlife Service could then be of greater 
assistance to the various States in development and 
dissemination of accurate information relating to 
actual, potential, or imaginary conflicts between 
sport fishermen and other users of the same 
resources; it could lend its financial support to 
biological and technological studies aimed at re- 
ducing or eliminating conflicts of this sort. A 
unified agency would be more effective in this 
work than any type of coordinating device. 

There is urgent need for applied research in the 
economic evaluation of recreational fishing. The 
general principles involved have been delineated in 
a number of publications (Crutchfield, 1966, 
provides a current discussion of these issues). No 
analytical framework, however satisfactory, can 
provide general answers for practical situations. 
These call for applied studies in each area where 
conflict exists or is anticipated. 

The panel cannot emphasize too strongly the 
need for this type of program within the States 
themselves, since the Federal agency can do little 
more than facilitate. There are countless examples 
of discriminatory legislation, instituted by one 
group at the expense of the other, based on little 
or no scientific evidence that would stand careful 
analysis. Once such legislation is enacted, it be- 
comes extremely difficult to remove it, since the 
vested interests that develop behind it are in a 
position to exert strong pressure against further 
change. There are far too many cases in which 
commercially valuable species are being wasted 
because of unwarranted angler opposition to com- 
mercial fishing. There is an equally large number 
of others in which commercial fishing makes 
serious inroads into populations that would be 
much more valuable as the base of a recreational 



industry. Both biological and economic assessment 
techniques have now reached standards that per- 
mit far better solutions to problems of conflict 
than these “meat-axe” techniques have brought. 

Accurate statistics on total catch and fishing 
effort, place, and mode of capture are just as 
essential to effective resource management for 
sport fishing as for commercial. From such basic 
statistics it can be determined whether manage- 
ment is necessary, appropriate conservation meas- 
ures can be designed, and their effectiveness can be 
evaluated. Such statistics must be compiled by 
small geographic areas and by small units of time. 

Sport fish statistics are not nearly accurate 
enough to be useful for management purposes. 
Several methods to obtain adequate statistics have 
been discussed during the past several years which, 
if properly carried out, could provide the informa- 
tion desired. 

1. Fish Licensing-Reporting System 

-All marine anglers licensed 

-Each required to report (on forms provided) 
weekly or monthly on fishing activities and success 

-Estimates for non-reporters made from follow-up 
sample. 

Such a system would be resented by many 
sport fishermen, particularly at first, but might be 
“sold” to them with proper public relations and 
education. Adequate staff for followup work 
would be necessary, A provision that non-reporters 
would not receive a license the following year 
would help enforce the reporting system. 

2. Sampling System 

-All marine anglers licensed 

-A random sample of anglers’ names drawn from 
licenses 

-These anglers contacted by telephone weekly or 
monthly to determine fishing activities and success 

-Total figures for whole fishery calculated from 
sample. 

Either of these systems will call for a major 
effort by trained personnel, but could produce 



results accurate enough for management. The cost 
for salaries, supplies and travel to carry on such a 
comprehensive program would be substantial, even 
though the program be conducted according to a 
carefully designed sampling system, but without 
better data much of our management effort is 
literally blindfolded. As in the case of the commer- 
cial fishery a thorough overhaul and expansion of 
the Federal and State statistical programs is long 
overdue. 

VI. OTHER USES OF THE SEA'S LIVING RE- 
SOURCES 

A. Sea Plants 

Although attention lias been focused on the 
potential contribution of the sea to food supplies, 
and particularly to protein sources, the living 
resources of the sea can contribute in other 
significant ways to man’s welfare. 

Sea plants have been used for centuries as cattle 
fodder, soil conditioning materials, and even di- 
rectly for human food. The Japanese consume 
about 20 varieties of seaweed, some directly and 
some in processed form. Seaweed has also served 
as a source of potash and iodine, both in Europe 
and the United States. A liquidized form currently 
is available to gardeners as a potent organic 
fertilizer. 

Seaweed has pervaded American life in a more 
subtle way. Both the red and brown algae of the 
sea are sources of important hydrocolloids known 
as carageenans and algins. These colloids, chem- 
ically sugar polymers, are the basis for many 
convenience foods. Instant milk mixes depend on 
them, as do most dietary foods. They are widely 
used in baby food products, instant cake mixes, 
gelatin-type desserts, jams, jellies, and candies. 
They are important ingredients in most tooth- 
pastes, and contribute to the smooth texture of 
pharmaceuticals and cosmetics. Among the indus- 
trial uses of marine colloids are ink and auto- 
mobile tire production. Algin production on the 
American West Coast depends on the availability 
of giant kelp. Carageenan production on the East 
Coast depends on a supply of red seaweeds. The 
U.S. industry has established seaweed harvesting 
and collecting points around the world to obtain a 
sufficient quantity of suitable algae. 

Research conducted under the au:pices of the 
University of California Institute of Marine Re- 



sources and the California Institute of Technology, 
in conjunction with California industry and gov- 
ernment, have enabled scientists to restore some 
areas of the California kelp beds and to begin their 
expansion. Much remains to be done, however, in 
the artificial propagation of commercially impor- 
tant red algae. Some Sea Grant Projects are 
underway and development of seaweed aquacul- 
ture is an obvious future step. 

Preliminary research has shown that seaweeds 
can be important sources for other human needs. 
One brown alga apparently contains significant 
amounts of fats which could be converted to 
vegetable oils. A green seaweed is so high in 
vegetable protein that it has the potential of 
producing tons per acre. A broad-spectrum germi- 
cide has been found in still another marine alga. 

The panel believes that research into sea plant 
use has been neglected, in comparison with re- 
search into other resources, and recommends that 
the effort be increased substantially and that it 
include projects to determine the possibilities for 
aquaculture of useful varieties. 

B. Pharmaceuticals 

Activity in marine pharamacognosy and phar- 
macology is now at a level at which the groups 
concerned with the health sciences must carefully 
evaluate the sea as a source of new and useful 
medicinal raw materials. Using the definition of a 
bioactive substance as any substance, other than 
food, intended to affect the structure or function 
of the body of man or other animals, the interest 
is focused on pharmacologically active substances 
obtained from the plants and animals of the sea. 

The medical history of people bordering the 
seas is replete with evidence that products with 
pharmaceutical applications are available from 
plants and animals inhabiting the sea. However, 
the present use of these products is small in 
comparison with those obtained from land orga- 
nisms and their medically active constituents. With 
some exceptions, most of the marine drugs are 
used by native people in rather crude dosage 
forms, somewhat as the majority of crude botan- 
ical and zoological drugs and their extractives wer? 
in the United States 40 years ago. Other more 
refined principles, i.e., the biotoxins, appear to be 
too toxic for human use. Marine bioactive sub- 
stances as a source of new commercial pharma- 
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ceutical products constitute an almost complct 
unexplored area of research. At the present < , 
there is not a single industrial organization or 
governmental agency that is making a continuous 
systematic exploration of new bioactivc substances 
from marine creatures. (Bill S. 2661 was intro- 
duced in the 90th Congress by Senator Warren 
Magnuson to amend the Public Health Service Act, 
42 U.S.C., Ch. 6A, Subch. Ill, for the establish- 
ment of a National Institute of Marine Medicine 
and Pharmacology in the National Institute r* 
Health. However, no action was taken on i\v .) 

Contemporary experimental marine bioto* 
indicated the potential of many other n 
pharmacologically active substances being ob- 
tained from marine organisms. Many of these 
substances are usually categorized or considered as 
"toxins” or "poisons.” However, their isolation, 
characterization, and ultimate attention can lead 
to useful medicines. In addition, these "new” 
molecular structures can serve as starting points 
for the synthesis of new classes of drugs. Already, 
many previously unknown molecules have been 
discovered, many of whfch have highly specific 
and unique activity. Study of poisonous marine 
organisms is required to understand marine ecol- 
ogy and the subsequent development of new 
protein food resources from the ocean. The subject 
of fish food poisoning is ol concern, not only 
because of the need for protection against the 
illnesses caused by eating poison-laden fish foods, 
but also liccause of the probability that through 
scientific knowledge about the pharmacologic 
action of the toxic substances, new and useful 
drugs may be developed. 

The majority of the bioaclive substances from 
(he tea now under study may be divided into two 
bnad classes: the antibiotics, which are used to 
ccnttol and destroy the organisms that cause 
diseases, and the systemic drugs, which act directly 
on parts of the body. V cy alleviate pain, stimu- 
late or relax, promote healing, vary the speed of 
ccttain biochemical reactions (such as blood clot- 
ting) influence Hie operation of certain organs, or 
act as antidotes to poisons. It is interesting that 
ncarty all of these drugs are poisons themselves at 
suitable concentrations, liven the antibiotics are 
poisons, although they will presumabty kill only 
pathogenic bacteria. There are more kinds of 
animals in the sea than on land, and a greater 
proportion of them use poisons as part of their 



equipment for survival. So far less than one 
percent of all the sea organisms known to contain 
biologically active materials have been studied. 

Antibiotics from the marine world will become 
more important as the older drugs upon which 
medical practice has rested for the past 20 years 
become less effective against new generations of 
resistant germs. Casual use of powerful antibiotics 
for minor infections and in animal husbandry and 
agriculture has hastened this. 

Recently, marine bacteria have been studied for 
their ability to form antibiotic substances. Several 
marine bacteria, isolated from tropical and polar 
seas, have been found to produce different kinds 
of potent antimicrobial substances. Some of these 
are especially active against certain kinds of yeast. 
Examples of antibiosis in various marine inverte- 
brates are illustrated by work reported with 
gorgonian corals. Sponges also produce antibiotics, 
such as cctyonin and various other substances. 
Eight different terpenoid lactones have been dem- 
onstrated in the antibiotic gorgonians. Further 
study has indicated, also, that the "sybiotic” 
zooanthellae of alcyonarian corals contain card!* 
nene and crassin acetate. Crassin acetate exerts a 
toxic action on parrot fish and sea urchins, but not 
in a species of snail which feeds on gorgonians. 

A poison is merely an indicator of intense 
biological activity. Diluted, it is highly useful and 
often a very effective therapeutic agent. Probes 
among toxins for antitoxins have unearthed a host 
of fascinating pharmacological properties variously 
described as antiviral, antibiotic, antitumor, hemo- 
lytic, analgesic, psycho-pharma cologic a), cardioin- 
hibitory, fungicidal, and growlh inhibitory. Indica- 
tions are that some marine toxins rink among the 
most toxic substances known. Chemicals isolated 
from certain toxic marine fishes are 200,000 times 
more powerful in blocking nervous activity than 
drugs currently used in laboratory research on 
nerve and brain activity. A substance extracted 
from the primitive hagfisJh hat been used experi- 
mentally to slow down the heart during opcn-hcall 
surgery, making it easier to operate. One of the 
most intriguing aspects of drugs from the sea is the 
presence of antitumor and antimicrobial agents in 
such common organisms as clarps and oysters. 

Attempts to find useful bio*ctrve substances in 
the sea by searching folklore, $1 dying biologkal 
activities of marine plants and animals or inter- 
viewing native witch doctors produce little and 
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cost a lot. It costs even more to screen natural 
products at random by traditional methods. The 
major concern of drug companies is the marginal 
benefit or incremental return on investment. Drug 
companies have many more research opportunities 
than could possibly be undertaken due to a 
limitation in manpower and capital. There is a vast 
array of marine biochemical agents having potent 
biological activity. Many of these substances are 
candidates for potentially useful therapeutic 
agents, but these agents are not more intriguing 
than chemical and pharmacological researches with 
compounds obtained from land. 

In order to effect a methodical evaluation of 
the sea as a source of new and useful bioaclive 
substances, it is recommended that: 

-A single, coordinated program tfiat is National 
and international in scope be established. 

- A systems management approach be utilized to 
eliminate duplication of effort and funding. 

“The program provide for such elements as: 

a. Inventory of presently known bioaclive sub- 
stances. 

b. Examination of those factors which relate to 
the ecology of marine organisms and their 
pharmacology. 

c. Determination of present pharmacological 
evaluation problems. 

d. Institution of a national file for information 
storage and retrieval. 

e. Development of inexpensive screening meth- 
ods. 

f. Provision of regional facilities for collecting, 
storing, and distributing bkactivc material 
to universities, research institutes, and indus* 
try, 

C. Marin* Mammals 

Marine mammal harvesting activities by the 
United Slates are confined alnrost entirely to the 
annual harvest of fur seals in the Pribilof Island 
area. The plight of the whale populations as a 
whole appears so hopeless that we anticipate no 
reason for United States participation in pelagic 
whaling operations in the foreseeable future, 
though there Is some hope that the gray whale 
population may reach a kvel at which a consider- 
able harvest could be taken. 



VIL PRESENT LEVEL AND STRUCTURE OF 
FEOERAL GOVERNMENT ACTIVITY IN 
EXPLORATION, DEVELOPMENT, AND 
REGULATION OF LIVING MARINE RE- 
SOURCES 

Many Federal Government agencies are in- 
volved in the acquisition of scientific information 
that is pertinent to or involves exploration, de- 
velopment, and regulation of the living resources 
of the sea. Some agencies or departments, such as 
ESSA and Navy, conduct extensive oceanic sur- 
veys and collect environmental information that 
can be synthesized and employed for making 
decisions concerning exploratory or actual fishing 
activities. Their inputs are also useful in the 
regulation of fisheries. These and other agencies 
provide financial support to individuals, universi- 
ties, or other government agencies to carry out 
resource assessment activities. This is particularly 
true of the Atomic Energy Commission, the Navy, 
the National Science Foundation, and NASA. 

The major Federal responsibility for conducting 
explorations to delineate latent aquatic resources 
and for their development and regulation in 
commercial usage is lodged in the United States 
Fish and Wildlife Service, Bureau of Commercial 
Fisheries. For this reason, discussions on the 
structure and level of government activity in the 
Helds of government development and regulation 
will be confined primarily to this agency’s 
activities. 

A. Administrative Structure 

The U.S. Fish and Wildlife Service involves two 
major bureaus, the Bureau of Commercial Fish- 
eries (BCF) and the Bureau of Sport Fisheries and 
Wildlife (BSFW). The two bureaus are under the 
supervision of a commissioner and each has its 
own director. 

The activities of BCF are organized for admin- 
istrative purposes in six divisions. The activities of 
each division are fuither divided by work blocks 
which define branch activities. The field execution 
of the division and branch activities of BCF is 
undertaken by regional biological and tech- 
nological laboratories or various service groups. 
The administration of the Held work is divided by 
major geographic regions. In each region a director 
and assistant director coordinate, develof plans, 
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and execute the field programs undertaken by the 
various divisions and branches within the Bureau. 

In a strict administrative sense, all of the 
explorations conducted by BCF are lodged under 
the Division of Industrial Research, Branch of 
Exploratory Fishing. Development work, however, 
extends over several divisions, with major work 
undertaken by the Division of Resource Develop- 
ment. It is almost impossible to attribute responsi- 
bility for development work to any major division 
or branch because fisheries development work 
includes a single wide spectrum of activities. 
Functionally, almost all of the Bureau divisions, 
with the possible exception of administration, arc 
at times involved in fisheries development activi- 
ties, though the level is very small for most. 
Similarly, the responsibility for those activities 
which involve acquisition of information for the 
regulation and management of fisheries and the 
actual management of aquatic resources under* 
taken by the Bureau arc vested in several divisions 
and numerous branches. 

The administrative organisation of the Bureau 
is therefore not the best framework in which to 
consider Federal activities involving exploration, 
development, and regulation of fisheries. It is more 
useful to examine these activities in terms of work 
blocks in a functional sense. 

The major ocean activities in which the Bureau 
is involved, characterized by work objective, fall 
into four broad areas: resource assessment; extrac- 
tion and use; environmental control and improve- 
ment; and management of aquatic living resources. 

The resource assessment activities of the Bureau 
are generally undertaken by the Branch of Explor- 
atory Fishing and various branches of the Division 
of Biological Research. The work includes the 
assessment of latent’ocean resources and monito- 
ring of those Important commercial resources In or 
adjacent to our coasts under exploitation by 
United States and foreign fishermen. 

Programs related to extraction and use of 
aquatic resources may be divided into those 
directed toward improving harvest and those 
geared to improved use (such as improving quality, 
reducing processing costs, and developing new 
products). The Branch of Exploratory Fishing is 
assigned the responsibility for increasing the effi- 
ciency of the extractive phase of fishing. 

Environmental control and improvement relates 
to those activities designed to monitor the environ- 



ment and gauge Inc influence of changing environ- 
ment on aquatic resources. It also involves a 
variety of activities directed toward maintaining or 
improving the natural environment of fishes. 

Management functions include not only the 
regulation of fisheries, but also acquisition of the 
scientific information on which to make manage- 
ment decisions and to deal with international 
conflicts. They also include Federal efforts to 
reduce current institutional barriers confronting 
effective development of a viable U.S. fishing 
industry. 

B. Federal Exploration Efforts 

As previously noted, the work of the BCF 
directed toward exploration is largely the responsi- 
bility of the Branch of Exploratory Fishing. This 
branch also has responsibility for gear develop- 
ment designed to improve harvesting systems. 

Despite its key role in discharging the Bureau’s 
responsibility, a relatively small part of the BCF 
budget has been devoted to exploration and gear 
development. The budget of the Branch of Explor- 
atory Fishing through the first half of this decade 
r?ngcd from $900,000 to $1.4 million. In the past 
several years it has been increased, and in 1967, 
$2.3 million was spent for this purpose. It should 
be noted, however, that the $2.3 million is divided 
between two basic objectives of the Branch of 
Exploratory Fishing: resource assessment and gear 
research. The greater share of this funding, perhaps 
as much as 70 per cent, has historically been 
devoted to exploration. Thus, the direct Bureau 
funding for exploration in the past five yean is 
probably on the order of $600,000 to $1.5 
millK>n annually, and less than half that amount 
has been devoted to gear development. Again, 
however, because of the rather diverse branch 
functions, at least some of the activities under- 
taken by the Division of Biology, Branch of 
Marine Fisheries, have included exploratory efforts 
which have contributed to the knowledge of latent 
ocean resources. Actual budget figures for explora- 
tory work are therefore somewhat higher than 
those specifically earmarked for that purpose, 
perhaps by as much as 50 per cent. 

In addition to BCF’s work, certain hands arc 
allocated by the National Science Foundation for 
exploration of aquatic ocean resources, such as 
those provided for studies in the International 
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Indian Ocean Investigations and, more recently, 
for investigation of aquatic resources off the west 
coast of South America. Similarly, the Atomic 
Energy Commission has provided for this purpose 
funds to various academic institutions and to the 
Bureau, although they have been relatively small. 
For example, the Bureau of Commercial Fisheries 
receives about $57,000 annually from the Atomic 
Energy Commission for investigation of the deep- 
water demersal fauna in the region of the 
Columbia River on the west coast of the United 
States. 

The total allocation of funds from all sources 
for exploration over the past decade has been 
surprisingly small in view of the Bureau's own 
rough forecasts of potential yields from aquatic 
resources < nd the need for better definition of the 
time/space distribution of these resources and 
their total potential if private investment in 
fisheries is to be expanded. 

The Bureau of Commercial Fisheries v-urrently 
has active exploratory fishing programs in five of 
its six regions. Relatively strong exploratory pro- 
grams ire in progress in the Gulf of Mexico, along 
the southeast coast of the United States, and in 
the Pacific Northwest off the coasts of Oregon, 
Washington, and British Columbia. A moderate 
exploratory program is conducted in the New 
England and Great Lakes Slates. The Alaska 
program is new and relatively small, despite the 
great latent potential in the area. BCF exploratory 
fishing programs in the waters off California and in 
the Hawaiian Island region are now very limited, 
although rather intensive work has been done 
previously off the coast of California and some 
exploratory fishing has been carried on around 
Hawaii. 

The field work undertaken by the Branch of 
Exploratory Fishing is generally conducted by 
Bureau-owned vessels, and a large part of the 
budget allocated for exploration is ulilteed to 
maintain and operate these vessels. There are three 
such fishing vessels operating along the east coast 
and two small vessels along the Pacific coast of the 
United States. 

The exploratory programs undertaken by the 
branch are generally organlrcd to sample system- 
atically major sectors of the aquatic community 
for example, demersal fish populations, pelagic 
fish populations, shellfish populations, etc. There 
is general agreement that the work completed to 



date has been of high quality. Relatively good 
indices have been provided, as a result of explora- 
tions, of the demersal fish potentials of the 
northeast Pacific and of the shellfish potential of 
the Gu\f of Mexico. Work undertaken by the 
Woods Hole Biological Laboratory (Branch of 
Marine Fisheries) has also provided rather good 
forecasts of the demeisal fish potential off the 
northeast coast of the United States. However, if 
one considers the present state of knowledge of 
the distribution, abundance, and yield potential of 
the fish and shellfish of United States coastal 
waters, the conclusion is inescapable that the level 
of the eiTort has been far too limited. We are 
simply in no position to provide the kind and 
quality of information on production potential 
that would be required to initiate a major increase 
in landings by U.S. flag vessels (assuming, for the 
moment, that the institutional barriers to such 
development were removed). 

The magnitude of these gaps in knowledge is 
particularly frustrating since the response of indus- 
try to the findings of Bureau of Commercial 
Fisheries exploratory fishing activities has been 
generally positive and favorable. A prominent king 
crab producer in the Alaska area has stated that 
the exploratory fishing activities of the Bureau of 
Commercial Fisheries in the Bering Sea led to the 
development of the multi-million dollar king crab 
fishery that exists In Alaska today. Similarly, the 
pandalid shrimp surveys that were conducted in 
the waters of the northeast Pacific from southern 
Oregon to Kodiak Island were subsequently fol- 
lowed by a rapidly expanding shrimp industry. 
The Bureau survey work was completed in 1957, 
at whkh time less than three million pounds of 
pandalid shrimps were being harvested along the 
entire Pacific coast. In the last decade catches have 
expanded rapidly; they reached $0 million pounds 
in 1967 and may well exceed 70 million pounds in 
I96S. Obviously, all of the expansion o r this 
fishery cannot be attributed to exploration by 
BCF, but certainly the sj>eed with which it 
developed was In direct response to that work. Ai 
Indicated below, the initial gross estimates de- 
veloped from exploratory . 'ring programs must 
be followed by more refincu resource assessment 
as data become available from expanded commer- 
cial fishing operations. 

The currently rapidly growing icallop fishery in 
Alaska and the calico scallop fishery in Florida are 
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other examples of industry's response to successful 
exploratory activities that could not be under- 
taken by any individual segment of the industry. 
The development of the Puget Sound and Pacific 
hake fishery and the growing industrial fisheries in 
the Gulf of Mexico also point to the stimulating 
effect of fishing surveys that are properly planned 
and executed. 

In a paper presented to the Indo-Pacific Fish- 
eries Council, Alverson and Pereyra (1968) re- 
viewed the contribution of exploratory fishing 
activities to the ability to predict the development 
of major fisheries. Their findings show that in the 
northeast Pacific, exploratory fishing surveys con- 
ducted prior to the development of major fisheries 
had predicted all the dominant species which 
would subsequently sustain large scale commercial 
fisheries. In fact, the initial survey data, when 
reviewed subsequent to the development of large 
scale foreign fisheries, properly portrayed the 
probable magnitude of catches, geographic and 
bathymetric distribution of catches, and the 
species complex which would be exploited by 
major ecological zones. The survey work also 
provided the basis for a preliminary forecast of 
maximum sustainable yield figures. When the 
subsequently developed fisheries exceeded these 
forecast production potentials, catches in all cases 
subsequently declined and stabilized at lower 
levels. 

Obviously, not all projects involving Federally 
supported exploratory activities have been fol- 
lowed by substantial increases in profitable pro- 
duction by the fishing industry. But given the 
examples cited above, backed by the simple logic 
of the fact that sensible investment decisions 
cannot possibly be made without reasonably ac- 
curate data on resource location and yield poten- 
tial, it would appear that investments in explora- 
tion have been one of the profitable applied 
resource activities undertaken by the Bureau and 
should be expanded sharply. 

C. Fisheries Development 

In considering Federal efforts in fisheries de- 
velopment, efforts by the Bureau to improve 
harvest systems, to improve the quality of prod- 
ucts, or to develop new products must be 
differentiated from direct financial aid to the 
fishing industry in the form of loans, grants, and 



vessel subsidies. The latter accounts for the lion's 
share of the budget made available for fisheries 
development work in recent years. 

For example, in 1967 nearly $9 million of 
Federal funds were spent for the construction of 
fishing vessels, with funds dispersed in the way of 
vessel construction subsidies, loans for improving 
and upgrading fishing vessels, and fishing vessel 
mortgage insurance. By contrast, the Branch of 
Technology which is primarily responsible for 
improving the quality of fish landed, reducing fish 
processing costs, and developing new fish pro- 
ducts, had a budget ranging between $1.5 and $2.7 
million in the years 1963 through 1967. In 
addition to the funds allocated directly to the 
Bureau for these purposes, approximately $1.5 
million was made available through SaltonstaU- 
Kennedy funds for marketing and technological 
work. Hence the total budget for technological 
studies in 1967 was at a level of about $4 million. 
To this we must add certain funds that were 
expended for services, such as market news, 
statistics, economics, information on foreign fish- 
eries trade, and fisheries education programs. All 
of the latter influence fisheries development work 
in one way or another. The dissemination of 
current information is a vital part of the operation 
of the markets for fish products and as a basis for 
investment decisions by the industry. 

The service activities listed above received 
nearly $3 million of the Bureau budget in 1967. 
Of course, all of these funds cannot be considered 
applicable to the development aspects of fisheries. 
Much of the information garnered by the Branch 
of Statistics and various branches of the Division 
of Economics are also used in fisheries manage- 
ment and must be considered a partial contribu- 
tion to the funds expended for that purpose. 

Finally, only about $600,000 is now budgeted 
to the Branch of Exploratory Fishing for fishing 
gear development. With due allowance for the 
inability to identify all budget items by function, 
it would appear that approximately $6 million 
used directly by the Bureau enhances development 
of fisheries and another $9 million is paid out 
annually directly to the industry with this objec- 
tive. 

This summary view of the allocation of funds 
to various sectors of development work in the 
Bureau makes it clear that fishing gear develop- 
ment and the ocean engineering aspects of fisheries 



development have had extremely limited support. 
This is particularly surprising, since there is general 
agreement that search and harvesting costs are the 
prime obstacles to fuller use of latent resources in 
United States coastal waters and that the 
American fisheries, with the exception of tuna and 
shrimp operations, are technologically backward 
and generally inefficient. The Bureau can point to 
a few strikingly successful breakthroughs in gear 
development in recent years- mid water trawls for 
hake, improved shrimp nets, fast sinking seines, for 
example-but a budget of only $600,000 simply 
will not support more than a few projects. Perhaps 
more important, the limited budget and staff 
available in this type of work cannot investigate 
thoroughly bold and imaginative new concepts of 
fish harvesting. 

D. Regulation 

Bureau of Commercial Fisheries concern with 
regulation of living resources of the sea in a direct 
sense is minimal; the Bureau is not directly 
involved in managing or regulating the use of most 
of the resources exploited by domestic fishermen 
in waters overlying the Continental Shelf adjacent 
to the United States. Although authority appar- 
ently exists for Federal regulation of fisheries 
beyond the three mile limit, the Federal Govern- 
ment has generally not taken action to manage 
such resources except through international trea- 
ties and agreements. The State agencies have, in a 
sense, taken over by default responsibility for 
fishery regulation and management both inside 
and outside the three mile limit. When the United 
States is a party to international conventions, 
treaties, or agreements, however, the Federal 
Governmcr.i has jurisdiction and the regulatory 
authority is lodged in the BCF. A detailed analysis 
of the problems involved in the exercise of State 
authority over fishing regulation and in inter- 
national management programs is presented in a 
subsequent section. The panel merely notes here 
the administrative mechanisms of the Federal 
Government. 

Responsibility for research on the status of fish 
stocks and implementation of management pro- 
posals for fisheries under jurisdiction of inter- 
national conventions varies. In some instances each 
party to the convention may independently under- 
take research on the mutually managed resources. 



In such instances, the BCF would be assigned the 
task. Examples of this type of arrangement are the 
types of work undertaken for the International 
North Pacific Fisheries Commission and the Inter- 
national Commission for the Northwest Atlantic 
Fisheries. 

In other instances, however, a convention may 
empower its commission to establish its own 
research arm. Examples are the International 
Pacific Halibut Commission and the International 
Tropical Tuna Commission. In such cases the 
Bureau is not involved directly in either research 
activities or in regulation of the fishery, but may 
play a role in the implementation of management 
recommendations stemming from the Commis- 
sions. The United States contribution to inter- 
national commissions themselves are funded by 
the State Department. 

In summary, the panel concludes that the 
Federal Government clearly has authority to de- 
velop and manage fisheries outside the three mile 
territorial seas, and, less clearly, to do so within 
that limit. It has chosen to ignore this responsi- 
bility, perhaps to forestall any State-Federal juris- 
dictional fight. 

The States have undertaken the job, with 
varying degrees of enthusiasm and funding, but the 
general level of performance has been poor be- 
cause States cannot mount the research required 
to maintain satisfactory understanding of stocks 
that move freely along the Continental Shelf and 
in oceanic waters far from the States. Fishermen 
and processors in various States have different 
views as to management policies, and the States 
have no authority to make agreements or conven- 
tions with foreign powers. For practical purposes, 
the position of the weakest State tends to set the 
pace for all where a fishery is shared. There can be 
no National policy toward fishery development 
and management as long as power rests in the 
hands of local governments acting on the basis of 
local interests. 

Even when Federal authority is exercised, the 
BCF must rely on one or several States to provide 
such data and to counsel the government regarding 
conservation aspects of the resource in question, 
since the bask catch statistics and other research 
information required for intelligent management 
are often collected by State agencies. Such data 
are, moreover, of very uneven quality. There arc, 
however, major exceptions in the cases (such as 
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halibut and tuna) in which international commis- 
sions are staffed to provide such data. 

The problem is further confused because design 
of research projects for management of resources 
in which the States are involved requires a commu- 
nity approach. Since each State may be expected 
to view any problem in terms of the interests of its 
own fishermen, the outcome is usually a research 
and management scheme reduced to the lowest 
possible denominator; constant squabbling for 
available funds; duplication of effort; inability to 
move in a decisive manner to deal with critical 
conservation problems whenever the benefits or 
burdens may accrue unequally; and total failure to 
mount a joint effort on long-range objectives. 

Against this background it is pertinent to ask 
why BCF devotes a large portion of its budget to 
monitoring and documenting the effects of man’s 
exploitation on a wide variety of commercial 
species taken in waters off the United States. 

Much of this information takes the form of 
general life histories, investigations of the environ- 
ment and its effect on the availability and distribu- 
tion of resources, management theory, including 
the development of new population models. 
Nearly S20 million is annually spent for this 
purpose, even though the Bureau is not involved to 
a large degree in direct management of the 
resources* Moreover, implementation of findings, 
more often than not, requires that data and 
findings be routed to and through State agencies. 
On the other hand, we must recognize that the 
Federal conservation arm is the only national body 
capable of undertaking large Kale research on 
ocean resources; without this information the 
development of rational use policies, for species 
which are strictly domestically exploited or for 
those in which the United States participates with 
other nations, would not be possible. It Is not 
apparent, however, that many official, specifically 
formulated, recommendations have gone forth to 
the States. 

The fact that implementation problems are 
severe is in no way a criticism of the quality of 
research undertaken by the Bureau as it relates to 
management of fisheries. The Bureau has built up 
a relatively strong research capacity in this area, 
and this fact, together with the greater sense of 
public urgency with conservation of over exploited 
specks as compared to the more mundane task of 
developing new ones, has led to a strong tradition 

VII 44 



stressing this aspect of Federal concern with the 
fisheries. In addition, the Bureau’s conservation 
programs have emphasized population dynamics 
and measurement of parameters, biological or 
physical, which may help to explain fluctuation in 
abundance that result from man’s use of living 
marine resources. The equally important eco- 
nomic, social, and legal implications of regulation 
have received far less attention. 

E. International Activities 

In addition to the funds spent by the Bureau in 
the acquisition of information that may be utilized 
for the management of fisheries, it is directly 
involved in the management of the Pribilof Island 
stocks of fur seals, a small but eminently success- 
ful example of an international agreement that has 
stimulated rational use of a highly vulnerable 
resources. 

In addition to funds that are normally ex- 
pended by the BCF, several million dollars are 
provided through the State Department to the 
various fishery commissions with which the United 
States is associated. Considerable amounts are also 
made available through the State Department to 
international agencies concerned with fisheries 
exploration, development and management; the 
most important of these tre the United Nations 
Development Program and the Food and Agricul- 
ture Organization of the United Nations. Other 
agencies which collect oceanographic and hydro- 
graphic information of value to fisheries investiga- 
tors include, for example, UNESCO and WMO. 
Finally, a certain portion of funds available 
through the World Bank also find their way into 
fisheries f flotation and development programs. 
The Asian Development Bank also contributes 
increasingly to financing fishery development. 

F. Evaluation of the Federal Fisheries Effort 

Since 1950 the Bureau’s bucket has accelerated 
sharply. The increase is particularly marked since 
I960; in a seven-year period it moie than doubled. 
During this same period (and extending back by 
two decades or more) no increase in United States 
fish landings has occurred. Indeed, if the stable 
total landings are disaggregated, it becomes dear 
that many fisheries have grown to a peak and then 
declined. Stability has been attained only by 
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moving to new species or areas. Stated in different 
terms, landings have declined relative to what 
might have been expected if catches of most 
species had been stabilized, by proper manage- 
ment, at levels ranging from about 50 to 60 per 
cent of peak landings. 

What has gone wrong? The years of work by 
the Bureau of Commercial Fisheries have not been 
sufficient to get the physical catch rate of the 
United States flag fleet in step with world develop- 
ment of ocean fisheries, nor to prevent a con- 
tinuing and, in some areas, accelerating decline in 
the economic vitality of the American fishing 
industry. Even the rapid increases in funding and 
in the range of Bureau activities in the past decade 
do not seem to have produced any major change in 
these long term trends. 

The causes of this disturbing record of perform- 
ance cannot be pinned down to a few dramatic 
failures of commission or omission. Simple 
answers are rarely found for issues as complex as 
those besetting the U.S. fisheries. The Federal 
Government has never done justice to its functions 
in promoting rational use of the living resources of 
the sea because it fishery agency has never been 
given broad enough direction by the Congress to 
permit it to carry out a unified program to suit the 
needs of the country as a whole. The BCF program 
has evolved by a process of tacking on projects one 
by one, most of which have generally been thrust 
upon it to meet particular crises, often as the 
result of pressure by special groups. Appropria- 
tions are based principally on the support of these 
projects. Thus BCF is helpless to execute a 
dynamic program based on national needs; instead, 
it can only carry on with its agglomerate activities 
inherited from the past, and wait for further crises 
which its timely services would otherwise have 
averted. 

The following diagnosis of Bureau operations, 
concepts, and organisation is based on extensive 
interviews with a wide variety of people directly 
and indirectly concerned with its operation. The 
most important inputs have been ptovided by the 
Bureau itself. The panel does not hold it out as a 
definitive statement, but it does feel that it is a 
reasonably accurate explanation of the apparent 
failure to come to grips with basic problems 
afflicting the U.S. fishing industry, and that it 
points the way to a more positive and productive 
program. The panel states emphatically that the 



Bureau itself has been keenly aware of its own 
internal problems, and in recent years has formu- 
lated a series of recommendations for basic restate- 
ment of objectives and functions very much closer 
to those contemplated in this report. Many of the 
most critical changes are, however, still in the 
discussion phase, at either Bureau or Department 
level. The following analysis of the Federal fishery 
program is still appropriate as an explanation of 
the situation that prevails at present. 

It is clear that the current program and organi- 
zation of the Bureau of Commercial Fisheries do 
not reflect an integrated plan, geared to an 
unequivocal set of objectives. Like the agency, the 
budget has grown piecemeal over time, and much 
of the growth represents Bureau, industry, and 
congressional response to urgent problems of the 
moment. Many of these pressures generated pro- 
jects and programs that long outlived the initial 
reason for their inception. 

Because of this pattern of growth, together 
with the highly emotional and localized nature of 
the interest In fishery mat' ts, the Bureau of 
Commercial Fisheries budget is marked by a high 
degree of inflexibility. Some of its programs are 
statutory in nature and cannot be altered by the 
Bureau itself. Others stem from projects of partic- 
ular Interest to individuaJ legislators or strong 
industry groups, and can be eliminated or altered 
only with great difficulty. Still others are geared to 
unique abilities or special interests of scientific and 
technical personnel within the agency-in effect, 
good men get support for their areas of interest as 
long as they fall generally within the purview of 
the Bureau's responsibilities, tt is untikcly that as 
much as 20 per cent of the BCF budget could N 
considered open to revision to meet new chal 
lenges and opportunities. 

The resulting tendency of the BCF program to 
develop, by fits and starts, without reference to a 
considered set of priorities is accentuated by the 
absence of any clear cut statement of objectives. 
The congressional mandate to the Fish and Wild- 
life Service has never been completely clear, and 
even the legislation in 1956 that prescribes the 
official BCF mission is not specific enough to 
provide much guidance. The inevitable result has 
been a relatively comfortable and static approach 
to fishery problems, under which good people did 
good work on various projects in various areas 
without being overly concerned about the way in 
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which particular operations meshed into National 
programs to achieve National objectives. The 
advent of Program Planning and Budgeting is 
beginning to exert a healthy pressure for change in 
this situation, but it is far from fully accepted, 
even within the Bureau, and its full benefits are 
yet to come. 

A closely related aspect of Bureau operations 
that has inhibited its effectiveness in contributing 
to the vigor of American fishing industry has been 
the project orientation stemming from its organi- 
zational structure (which is disciplinary in nature) 
and the dominant position of administrators with 
narrow scientific or technical backgrounds. The 
emphasis has been on individual projects of merit 
rather than on programs oriented to the achieve- 
nKnt of broader misssions that cut across both 
disciplinary and geographic boundaries. This orien- 
tation has been further strengthened by decentrali- 
zation of authority within the Bureau under which 
a major part of the responsibility for initiation of 
programs rests with regional offices. There is a 
natural tendency to focus attention on problems 
of regional interest, and, even more narrowly, on 
those problems for which the region's own person- 
nel are best equipped or in which they are most 
interested. Only by sheer accident would the 
resulting pattern of activities add up to effective 
National efforts designed to break bottlenecks in 
the development of under-utilized or latent re- 
sources or the more efficient management of those 
already under full exploitation, though they may 
produce good regional programs. 

Another source of weakness is the geographic 
dispersal of BCF activities. To some extent this is, 
of course, Inevitable in a Nation with as diverse 
marine resource units as those of the United 
Slates. However, the panel feels that the political 
pressure on BCF to spread its available funds and 
manpower among all regions of the Nation, with 
only secondary attention to the areas of greatest 
need and greatest potential, is a major deterrent lo 
new initiative. One need only pose a question of 
the Congressional and industry reaction lo severe 
curtailment of a Bureau program in region A In 
order to provide funds and personnel for a 
promising new opportunity in region B lo appre- 
ciate the difficulty involved. Again, the key 
problem is the inability lo conceive or adhere to a 
National policy while under heavy pressure to 
operate on the basis of local objectives. 



As indicated briefly above, any assessment of 
the programs of BCF must be made in light of the 
tremendous influence of the tacit decision to allow 
the Slates to exercise jurisdiction over marine 
fishery matters within the three mile limit (and, 
for practical purposes, beyond that by exercising 
control over landings). The resulting welter of 
conflicting, parochial, and special interest legisla- 
tion that encumbers both fishery development 
and fishery management activities is a primary 
reason for lh^ discouraging performance of the 
American fishing industry in recent decades. Yet it 
is apparent that the Federal fishery agency, what- 
ever its objectives and competence, is hopelessly 
handicapped in trying to undertake major pro- 
grams that cut across State lines and-inevitably- 
offer rewards or impose burdens not equally 
distributed among the States involved. 

Finally, the substantial rale of increase in BCF 
funding since 1950 started from an extremely low 
base. It can hardly be expected to show major 
effects as yet on landings or economic conditions 
in the fishery, given the long lead time between 
the initiation of resource evaluation and manage- 
ment programs and their impact on actual industry 
operations. 

The reasons cited for failure of the Federal 
fishery effort to keep the U.S. flag fishery in step 
with world developments In the period following 
Wortd War 11 are, to a considerable extent, beyond 
the control of BCF. They are due In part to 
pressures originating outside the Bureau, both 
economic and political, and in part to failure on 
the part of other branches of government, execu- 
tive and legislative alike, to provide clear expres- 
sion of the National interest in fisheries and 
specific objectives and guidelines to achieve it. 

Other difficulties, however, appear lo be of the 
Bureau’s own doing to a greater extent. One of 
these is an apparent imbalance in the distribution 
of funds and personnel among the various BCF 
functions. Ir particular, the panel finds it discour- 
aging (hat th 2 state of knowledge of exploited and 
latent fish stocks on and adjacent to US. Conti- 
nental Shelf waters is so deficient that BCF itself 
has called for a major increase in exploratory 
effort to provide private enterprise with sufficient 
detail to encourage expansion of American flag 
fishing activity. After many years of biological 
research and some exploratory effort, we are still 
unable to provide adequate and reliable informa- 



lion on the location, spatial and temporal distribu- 
tion, and yield potential of more than a few major 
fish stocks found in U.S. coastal waters. 

The panel finds it even more difficult to 
understand the extraordinarily low tevel of activity 
in ocean engineering and gear research and de- 
velopment. It has long been recognized that U.S. 
fishing operations were steadily losing ground to 
more sophisticated foreign competition with lower 
unit costs. While some of this could be attributed 
to lower labor costs in foreign fleets, the m?jor gap 
between U.S. and foreign fishery development has 
developed in fishing operations that are highly 
capital-intensive, the very type of operation in 
which the United States should enjoy a compara- 
tive advantage, particularly in its own coastal 
waters. 

There can be no doubt that U.S. fishing vessels 
lag behind their more aggressive international 
competition in vessel design, fishing equipment, 
fish detection equipment, propulsion systems, and 
the systematic analysis of deployment and har- 
vesting methods. Yet BCF funding of programs to 
improve conventional fishing techniques and ex- 
plore new methods has been so small that oily a 
handful of projects could be undertaken. 

Many of these would not have produced the 
excellent results they did except for persistent 
scrounging by project directors and contributions 
of equipment from industry. Moreover, the very 
small budget now available for investigation of 
detection, harvesting, and related techniques is 
divided among the various regional offices to a 
degree that keeps most of them below critical 
levels for efficient operation. 

The panel prefers not to regard this problem as 
one of overemphasis on biological te search or the 
scientific aspects of fishery investigation generally. 
A high degree of technical competence has been 
achieved in these areas by BCF, and it is vital to 
any overall program of fishery development and 
management that it be maintained. Far from being 
excessive, the funding provided for such work also 
needs expansion. Simply, (here is a strong argu- 
ment for a matching competence in exploration, 
technological development, and ocean engineering, 
BCF must be prepared and competent to provide 
the U.S. fisherman * *h the background informa- 
tion and the t».«..rical capacity to operate effi- 
ciently in exploiting the stocks available in his own 
coastal waters. 



BCF has also been sadly deficient in its ability 
to deal with economic problems, Ours is a market- 
oriented economy, and the success of any Federal 
fishery program must be measured in large part by 
its contribution to the output, employment, and 
net earnings position in private enterprises engaged 
in fishing, marketing, and processing. Services 
rendered by the Bureau in monitoring and inter- 
preting developments in these areas have been 
negligible until recently. Moreover, the Bureau’s 
participation in formulating international fishery 
policies demands economic staff work of a high 
degree of professional competence. 

Only in the past five years has BCF recognized 
this deficiency and made a determined effort to 
recruit and provide adequate organizational place- 
ment of professionally trained economists with 
experience in fishery matters, The panel regards 
the achievements of the Division of Economics 
over the past few years as clear evidence of the 
need to expand this type of work sharply. The 
Bureau's economists are now beginning to lay a 
solid groundwork of analytical and empirical 
background for the deployment of BCF resources 
and to establish a framework for current economic 
analysis within which day-to-day problems can be 
handled effectively. 

The need for such work is pointed up by the 
inadequacies of the statistical data base on which 
many National fishery programs must be based. As 
might be expected, the deficiencies make it impos- 
sible at the present time to assess the economic 
health of any segment of the U.S. fishing industry 
or to forecast the economic results of alternative 
programs without detailed ad hoc efforts to 
develop the necessary factual background, case by 
case. Statistical information on the processing and 
marketing sectors of the economy, particularly 
with respect to prices, wages, and net earnings, is 
almost entirely tacking, except for a few major 
segments of the industry. Even in the more 
traditional types of data, there are substantia] 
gaps. Thus, the coverage of landings, and -in 
partkular-fishing effort, is still very spotty. To 
some extent, this situation reflects the dependence 
of BCF on State agencies for collection of primary 
data. Since the States have their own reasons for 
gathering statistical information and their own 
ideas as to the relative weigh! such activities 
should carry in their own budgets, the resulting 
data are of very uneven coverage and reliability. 



Rectification of Slate data to make them compa- 
rable is a substantial task in itself, and the re- 
sulting regional and National totals are neither as 
timely nor as complete as the BCF mission 
demands. 

The Bureau has been made aware of most of 
these deficiencies in recent years, largely through 
its own efforts, and it is in the process of revising 
substantially its own operating procedures, organi- 
zation, and programming methods. Nevertheless, 
most of these efforts are of very recent origin, and 
the conclusion remains that inadequacies in the 
Federal fishery program, some traceable to ex- 
ternal forces and some to inadequacies within the 
Bureau itself, have contributed substantially to the 
stagnancy of the American flag fisheries in recent 
decades. 

VIII. THE ROLE OF THE STATES 

Because of the importance and complexity of 
the legal relations of the States and the Federal 
Government with respect to fishery resources, a 
detailed analysis of such jurisdictional issues is 
presented in Appendix A to Section l . 

Traditionally, jurisdiction over fisheries within 
the territorial waters of the United States has been 
vested in the individual States. State programs are 
as diverse as the natural resources, people, and 
economic conditions upon which they are based. 
While they accomplish the tasks of research, 
management, regulation, and education, they do 
so with widely differing levels of effort and 
efficiency. Regardless of the proficiency of staff 
and administration, State fisheries agencies fre- 
quently remain thwarted by political and biolog- 
ical conditions beyond their control-as do their 
Federal counterparts. 

V Research 

Most States support research facilities and 
activities as a part of their State fisheries agency's 
program; some, such as Virginia and Mississippi, 
prefer to assign (his role to their higher education 
system. (John 1. Thompson Co., 1968) Whatever 
the responsible agency, State marine fisheries 
research is concentrated wiihin the estuarine rone 
and inshore oceanic waters, with only limited 
attempts and capabilities for work in the more 
offshore oceanic are*. These limited attempts least 



a significant gap in the understanding of migratory 
marine species and pelagic stocks- a gap which 
must be filled by the Federal Government. 

Enactment of the Commercial Fisheries Re- 
search and Development Act (P.L. 88-309) on May 
20, 1964, opened a new era in State fisheries 
research and in Federal-State relations in marine 
fisheries matters. The Act authorizes a five-year 
program which would provide $5 million annually 
for apportionment among the States to carry out 
projects on a cost-sharing basis: $400,000 for each 
of the first two years and $650,000 for each of the 
next three years to restore fisheries affected by a 
resource disaster, and $100,000 annually to estab- 
lish new commercial fisheries. During its first four 
years, P.L. 88-309 has funded 240 individual 
projects at a cost of approximately $4 million in 
State and $12 million in Federal funds. Provisions 
of the Act have been implemented in 49 States, 
Puerto Rico, the Virgin Islands, Guam, and 
American Samoa. It has provided employment 
opportunities for about 150 technical and profes- 
sional personnel new to the commercial fisheries 
field, and permitted the construction of six new 
State research vessels, seven new State research 
laboratories, and the renovation on an existing 
one. Significantly, the Act has generated a new 
level of understanding and cooperation between 
the Federal Government and the individual Slates 
Unfortunately, P.L. 88-309 has never been com- 
pletely funded. Only $4.1 million of the author- 
ized $5 million annually has been provided for aid 
to the States; only $400,000 of the authorized 
$650,000 for resource disasters during Fiscal Years 
1966-1968; and none for establishment of new 
commercial fisheries. 

The Anadromous and Great Lakes Fisheries Act 
of 1965 (P.L. 89-304) authorizes cooperative 
projects with the States and other non-Federal 
interests fot work directed toward the develop- 
ment and enhancement of anadromous fisheries. 
Federal funds up to 50 per cent may be used to 
finance project costs. The program »s administered 
jointly by the Bureau of Sport Fisheries and 
Wildlife and the Bureau of Commercial Fisheries. 
$4.3 million was appropriated for non-Federal use 
during Fiscal Year 1968. Authorized projects 
include research on striped bass in Alabama, 
Maryland, Louisiana, Mississippi, and North 
Carolina, sturgeon in South Carolina, Salmon in 
Alaska, California, Oregon. W’ashirgtor, and shad 



in Connecticut, Delaware, Florida, Georgia, New 
Jersey, Oregon, and Pennsylvania. Appropriations 
have consistently fallen below the amount re- 
quired to meet the authorization contained in the 
original Act. 

Although the stated purposes of P.L. 88-309 
and P.L 89*304 are different, a number of similari- 
ties exist in the two programs. Almost all projects 
funded under P.L. 89-304 could have been funded 
under P.L. 88-309; the same general administrative 
procedures are followed in both programs; the 
same agencies and personnel are involved at both 
State and Federal level (except that BSFW admin- 
isters half of the anadromous program, none of PL 
88-309); and the same geographic area, i.e., the 
coastal zone and streams utilized by anadromous 
stocks, is dominant in both programs. It would 
therefore appear possible to combine both into 
one Federal aid program for marine and anadro- 
mous fisheries, with funding at the level expressed 
in the original bills. 

B. Management and Regulation 

Management of marine fisheries, in the sense of 
manipulating the resource to enhance or redirect 
its beneficial contributions to mankind, is still in a 
primitive condition. Oyster culture alone stands 
out as a noteworthy exception. States with access 
to sufficient shell resources (Maryland, Louisiana, 
Texas, and Florida) have demonstrated consid- 
erable success in expanding or rehabilitating their 
oyster resources both through management of 
public bottoms and encouragement of privately 
managed areas. 

In other fisheries, management is carried out 
through regulatory procedures aimed at concen- 
trating harvest during the period of maximum 
economic return or in rationing out the proceeds 
among the various participants. This includes the 
very difficult job of allocating shares to sport and 
commercial interests. 

In many instances, States have been criticized 
for enacting or perpetuating restrictions in the 
name of “conservation,” which serve primarily to 
lessen the efficiency of commercial fishing opera- 
tions within their waters. Units of gear are limited, 
more efficient types of gear prohibited, catch and 
size restrictions arbitrarily assigned, and fishing 
activities restricted by time and place. Such 
restrictions are frequently requested, or even 



demanded, by the very group whose activities *hey 
restrict or by some competing group which hap- 
pens to have the political strength at that partic- 
ular time. 

The solution becomes not a matter of insisting 
that the States take actions against the will of their 
majorities, or that Federal jurisdiction be invoked 
in all cases, but that the Nation adopt, as a matter 
of policy, thrt all fisheries are to be managed with 
the objective of maximizing their benefit to 
society, that regulatory action be based upon 
sound biological and economic data, that the 
individual States be erxouraged to adopt a similar 
objective as a basis for their programs, and that 
every effort be made to inform the people 
concerned in each fishery of the effects of 
unsound regulatory measures based on other 
premises. 



C. Education 

It is readily apparent that few of the commer- 
cial fishermen and others participating in the use 
of marine fisheries resources know and u**lize 
knowledge generated through efforts of Federal 
and State Governments, academic organizations, 
or industrial research and development. Most 
States have some sort of extension program, 
ranging from distribution of a newsletter to 
television productions and extension agents work- 
ing in the field. Nevertheless, information is not 
getting around. Commercial fishermen do not use 
efficient detection and capture equipment such as 
scanning sonar, monofilament gill nets, Scottish 
seines, and stern trawlers whose superior perform- 
ance has been well demonstrated, even in the 
absence of prohibitive legislation. Sport fishermen 
continue to engage in endless tirades against 
segments of the commercial fishing industry, such 
as the menhaden, thread herring, and anchovy 
fisheries, whose actual effects upon their interests 
are negligible in some cases and unknown in many 
others. Restrictive legislation continues to be 
promoted by groups of conservation-minded citi- 
zens who understand neither the biological nor 
economic implications of their actions. Thus the 
new National fisheries program should contain a 
concerted effort, in cooperation with the States, 
to bring the results of research and development to 
the actual users of fisheries resources, through a 
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broad extension program involving all forms of 
educational media including personal contact. 

D. Politicaf and Biological Constraints 

Regardless of the state of knowledge, the 
proficiency of State administrators and legislators, 
and the declared intent of State regulatory actions, 
individual State programs are frequently prevented 
from attaining their goals by political and biolog- 
ical constraints. 

Local special interest groups may possess suffi- 
cient political power to prevent enactment of 
measures beneficial to the general public, or to 
gain legislation prejudicial to such interests. Even 
in the absence of such influences, States are often 
reticent to impose justified restrictive conditions 
upon their citizens when the benefit of such 
measures may be realized outside their boundaries. 

We have not found a single instance in the 
history of the Atlantic States, Gulf States, and 
Pacific Marine Fisheries Commissions where two 
or more States have initiated and implemented 
coordinated measures for the efficient manage- 
ment of migratory marine species. There is an 
equally glaring absence of any concerted effort to 
expand the harvesting of underutilized resources. 

Although the three marine fisheries compacts 
provide advice and recommendations to the mem- 
ber States and to the Federal Government, they 
were not intended to regulate fisheries in their 
respective regions. Regulation was left to the 
individual States, although two compacts were 
amended to permit regulation by the Marine 
Fisheries Commissions, if member States so chose. 

E. The Need for New Organizational Arrange- 
ments 

The present roles played by the Federal Gov- 
ernment and the Marine Fisheries Commissions are 
inadequate to meet the needs of the U.S. fishing 
industries. 

New organizational arrangements are required if 
fisheries management is to be attacked on species 
or regional bases as part of comprehensive resource 
development programs. The panel has reviewed 
several proposed organizational arrangements for 
the U.S. commercial and sport fisheries and has 
concluded that the role of the Federal Govern- 
ment should be reoriented toward resource de- 



velopment and the concentration of manpower 
and financial resources on National fisheries mis- 
sions. Studies of fishing management and regula- 
tory concepts should be undertaken and new 
management techniques instituted calling for in- 
creased coordination among the States and a 
greater Federal role in determining Nations 1 fish- 
eries policies and priorities. 

The panel recommends that the Federal author- 
ity over U.S. marine and anadromous fishery 
activities be combined in a single bureau of one 
agency. The agency should be authorized to 
establish National priorities and fishery policies 
for the development and utilization of migratory 
marine species for commercial and recreational 
purposes, in cooperation with other Federal 
agencies, States, and interstate agencies. It should 
encourage cooperative activities by States for 
regulation and conservation of such species, spon- 
sor research on the impact of institutional barriers 
inhibiting the efficient development of our com- 
mercial fisheries, and should encourage enactment 
of improved State and Federal laws relating to the 
regulation and conservation of such fisheries. 

The measures proposed should strengthen the 
U.S. fishing industry and improve the fisheries 
programs of the various States. Under certain 
circumstances, however, these measures may be 
inadequate to meet the development and manage- 
ment needs of certain fisheries. Under the condi- 
tions stated below, the panel recommends that the 
Federal Government be given authority by the 
Congress to assume regulatory jurisdiction of 
endangered fisheries. 

Such action should be taken when: 

-It can be demonstrated that a particular stock of 
marine or anadromous fish migrates between tb* 
waters of one State and those of another, or 
between territorial waters and the contiguous zone 
or high seas 

-The stock enters into interstate or international 
commerce 

-Sound biological evidence demonstrates that the 
stock has been significantly reduced or endangered 
by acts of man 

-The State or States within whose waters these 
conditions exist have not taken effective remedial 
action. 
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IX. A PROGRAM FOR REHABILITATION AND 
EXPANSION 

Previous sections describe lost opportunities 
difficult to match in American economic history. 
In the years since World War II, demand for fishery 
products on a worldwide basis has expanded 
steadily with respect to both quantity and variety. 
During the same period, U.S. consumers, though 
using approximately the same quantities of fish 
and shellfish for direct consumption per capita, are 
using very much larger quantities of fishery 
products in the form of meal and oil for use in 
livestock and poultry feeding operations and for 
other industrial purposes. This rapid growth in 
industrial use of fishery products, coupled with an 
increasing population, has produced a very sub- 
stantial increase in market demand for all types of 
fishery products within the United States. 

During the same period, the technological level 
of vessels and equipment used for marine fishing 
has undergone revolutionary changes. Progress in 
this respect has been very uneven, but some of the 
traditionally important fishing nations, such as 
Norway, Japan, the United Kingdom and Canada, 
together with important new participants, such as 
the U.S.S.R., West Germany and Peru, have 
increased greatly the range and sweep efficiency of 
virtually all types of fishing equipment. In addi- 
tion to improvements in equipment, there has 
been a notable expansion in the effort to coordi- 
nate oceanographic research and data accumula- 
tion with the deployment of mobile fleets of 
fishing vessels. No nation has yet achieved all that 
can be expected in this direction, but many, 
particularly the Soviet Union, have made real 
progress in integrating oceanic parameters, the 
abundance of fish, the behavior of fish, and 
construction and use of the appropriate kinds of 
fishing gear. These developments are reflected in a 
growth rate in landings on worldwide basis in 
excess of six per cent per year since 1950. 

During this period of burgeoning demand and 
improvements in the efficiency, range, and variety 
of fishing units, many segments of the American 
flag fishery have been virtually stagnant. Total 
landings have remained almost unchanged (four to 
five billion pounds) for the past three decades, and 
only the development of a substantial industrial 
fishery has prevented an actual decline in landings. 
To some extent, this reflects full or even excessive 



utilization of some of the more valuable species 
found in United States waters such as salmon, 
halibut, some types of shellfish, and menhaden. 

The latest and most authoritative estimates of 
potential yields from the waters adjacent to U.S. 
coasts show that the harvest is no more than 
one-tenth of the potentially marketable fish and 
shellfish available in areas where U.S. flag fisher- 
men should have a significant advantage, in terms 
of availability, over foreign operators. Even more 
striking is the estimate that foreign flag fishermen 
are now taking from waters of the continental 
shelf adjoining the United States as much fish as 
U.S, flag fishermen are taking. The fact that 
foreign fleets are exploiting lower valued species 
points up even more clearly the gap in competitive 
efficiency. 

There are, fortunately, a few bright spots. U.S. 
processing and marketing firms have played a 
major role in developing sources of supply in other 
parts of the world, and, in a real sense, this may be 
regarded as part of the total U.S. fishery effort. 
U.S. tuna and shrimp fishermen, using equipment 
and techniques second to none, have maintained a 
vigorous competitive stance, even though U.S. 
processing and marketing firms have required 
substantially increased imports as well as domestic 
production of these items. On the whole, however, 
growth in demand for fishery products in the 
United States since 1950 has been met from 
foreign sources. 

The total Government effort directed at en- 
largement of the base of knowledge necessary to 
exploit fisheries profitably, and at direct develop- 
ment and management of existing fisheries, 
appears to be inadequate. It is fragmented between 
Federal and Stare agencies; it is funded at levels 
that do not permit the responsible agencies to 
mount bold or imaginative new programs; and the 
funds available appear to have been distributed, in 
response to traditional emphasis on biological 
research and to political pressures, in a manner 
that does not provide proper balance. 

Exploratory work designed to provide the types 
of information on location, distribution, and 
potential yield that would stimulate private invest- 
ment has been undertaken for only a few species. 
This is evidenced by the fact that these key factors 
can be quantified with reasonable accuracy for no 
more than a handful of our major fishery re- 
sources. For many underutilized and latent stocks, 



the key to any major expansion of U.S. flag fishing 
effort, available information is so inadequate as to 
restrict severely any sensible investment planning 
by the private sector. Similarly, efforts to improve 
existing gear, to develop new versions of conven- 
tional equipment, and to take th*j lead in research 
aimed at entirely new detection and harvesting 
techniques are budgeted at low levels. 

These deficiencies and gaps in Government 
programming are particularly striking, since the 
panel finds clear evidence of highly successful 
work of both types by the BCF and by some State 
agencies. Successful, though limited, exploratory 
work has created several new industries now 
supporting profitable fishing ventures; and, even 
on a budget that permits only a few programs per 
year to function, breakthroughs have occured in 
developing new versions of conventional fishing 
gear that have been of great advantage to individ- 
ual groups of U.S. fishermen. 

The conclusion seems warranted that failure of 
the Federal effort to produce any increase in U.S. 
flag landings in the past three decades is attribut- 
able to the very restricted level of effort and to 
some imbalance in its program rather than to any 
absence of need for positive facilitating action by 
government. In a larger sense, the alarming posi- 
tion of the U.S. fisheries reflects a host of 
institutional, economic and social barriers to effi- 
cient development and management, and the 
absence, at State, National, and international 
levels, of organizations capable of assuring rational 
use of living resources of the sea. 

A. Objectives 

What does “rehabilitation of the American 
fishing industry” mean? What should be the 
objectives of an altered and expanded program 
aimed at “rehabilitation?” Perhaps the most logi- 
cal procedure is to start with an indication of 
objectives which the panel regards as inappro- 
priate. 

First, the fact that the United States has slipped 
from second to sixth place among the world’s 
fishing powers means nothing in and of itself. 
There is no logical reason why the United States 
should aim at producing more fish than any other 
country (or at second, third, or fourth place) 
merely for the sake of being first, second, third or 
fourth. Most major fishery products are now 



international objects of commerce. Some can be 
produced more efficiently by other nations than 
by the United States, and it s in the interest of 
both the processing-marketing sector of the fishing 
industry and the U.S. consumer that artificial 
barriers to buying wherever price and quality are 
best be reduced to a minimum. Efforts to expand 
the physical volume of U.S. landings simply for 
prestige purposes are almost certain to divert 
effort and funds from the far more productive 
alternative of concentrating effort on those areas 
where expansion is possible on a profitable basis 
because American producers have potential com- 
petitive advantages. 

The panel also stresses the fact that “expanding 
employment in the fisheries” is not a legitimate 
objective of any program of rehabilitation. Most 
efforts to increase employment in the American 
fishing industry, have had the effect, intended or 
unintended, of repressing incentive and oppor- 
tunity for modernization of fishing vessels and 
methods. In the long run they have contributed as 
much as any single source to the alarming decline 
in the competitive position of the U.S. industry. 
One authority recently noted that the impact of 
anticipated increases in wages (pressure for which 
arises from U.S. industries in which labor is used 
with greater productivity) could raise the costs of 
U.S. fishing enterprises by as much as 80 per cent 
over the next 15 years unless the industry shifts to 
more efficient techniques (Norton, 1968). 

Finally, the panel stresses the need to analyze 
efficiency requirements for U.S. fishing enterprises 
in the light of U.S. conditions. The fact that other 
nations employ very large vessels, capable of 
fishing anywhere in the world, fleets employing 
mother ships and factory vessels that produce 
finished products of many kinds at sea does not 
mean that the United States should follow suit. 
Many of these nations employ such techniques 
simply because they must cany on fishing activi- 
ties at long distances from home ports. There is 
much truth in the generalization that nothing can 
be done at sea as cheaply as it can ashore. 
Therefore, it is not only possible but likely that a 
thorouglily modern, competitive U.S. flag fishing 
fleet would include relatively few large distant 
water vessels capable of staying at sea over 
extended periods, and even fewer factory type 
vessels. What is needed are fleets geared technically 
to the physical tasks and economically to U.S. 
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costs of labor and capital and U.S. market prefer- 
ences. 

The panel therefore endorses the following 
statement of National objectives drafted by the 
Bureau of Commercial Fisheries; 

To increase the net contribution of aquatic living 
commercial resources to the Nation’s economy ; to 
increase efficiency , so that the economic status of 
those engaged in the fishing industry is improved ; 
to provide for the growing and diversified demands 
of the American people for fish and shellfish 
products , whether in the form of edible foods or 
other products , from efficient and economical 
sources; to seek means of bringing more of the 
world’s aquatic resources into economic, commer- 
cial, production for the benefit of all mankind; 
and to contribute to man’s understanding and 
control of aquatic living resources and their 
environment . 

B, Elements of a Positive Program 
1. Exploration 

Rehabilitation of the U.S. fisheries must start 
with a sharper definition of the target. Commercial 
fishing is, at best, a highly uncertain venture; the 
risks become impossibly high in the absence of 
reasonably accurate information on the location, 
spatial and temporal distribution, and long run 
sustained yield capability of the resource con- 
cerned. Such information is particularly essential 
in the case of low valued fish that must be taken in 
quantity and fairly continuously for profitable 
operation. The first objective of an expanded 
exploratory effort must be to establish the dimen- 
sions of the resources which U.S. fishermen can 
reasonably expect to harvest profitably, and to 
provide a basis for reasonable investment decisions 
as to the type and quantity of fishing gear that 
should be used to harvest the resource on a 
continuing basis. 

There will be other substantial benefits. The 
ratio of actual fishing time to time away from port 
is a critical element in the profitability of any 
fishing enterprise. A program aimed at providing 
the type of information described above for major 
stocks in U.S. coastal waters could be expected to 
reduce non-productive search and running time by 
as much as 10 to 15 per cent. 



Perhaps the greatest benefit to be realized 
from a thorough delineation of the potential yield 
of fish and shellfish from waters available to U.S. 
fishermen is the ability to manage the resources on 
a rational basis. Fisheries of the United States, 
and, indeed, of most of the wc.id, have shown a 
depiessing tendency toward overexpansion, fol- 
lowed by a subsequent decline in landings and a 
long period of overcapacity and depressed earnings 
for the fishery concerned. Both the economic 
waste and the need for long and costly rehabilita- 
tion programs can be prevented by adequate 
forecasts, even of a fairly rough nature, of the 
quantities that can be taken on a sustained basis. 
Modern evaluation techniques make possible such 
assessments in the course of the exploratory 
fishing required to “place’ 1 the resource. 

Finally, the present degree of overcapacity in 
both fishing and processing facilities in some of 
our important fisheries makes it particularly im- 
portant to shift pressure to under-utilized re- 
sources that can be harvested and processed with 
the same equipment. Thus, the increasingly precar- 
ious position of the menhaden industry makes it 
highly desirable to develop alternate sources of 
supply from such species as thread herring and 
anchovies. Similarly, the distinct possibility that 
overcapacity already exists in the Alaska king crab 
fishery makes it imperative to develop as rapidly as 
possible the capacity to utilize tanner crabs, 
shrimp, and scallops in the Gulf of Alaska in order 
to provide a more diversified base. 

The speed with which the major and secondary 
resources of the U.S. continental shelves can be 
covered systematically depends, of course, on 
funding, personnel, and ship time available. On the 
assumption that some ordering of priorities will be 
necessary because of constraints in both funds and 
personnel, the following suggestions for major 
initiatives are offered. 

Shrimp, tanner crab, and scallops in the Gulf of 
Alaska-all high valued species with immediate 
markets and well developed technology-are logical 
candidates. Surface and midwater species such as 
thread herring, anchovies, and sea herring along 
the Mid- and South Atlantic coasts and the Gulf of 
Mexico provide inputs for the booming fishmeal 
market to supplement menhaden landings. Explor- 
atory work also is required to develop the full 
potential for groundfish and shellfish in the Gulf 
of Mexico and Mid- and South Atlantic Coastal 



area; pelagic species in the Mid-Pacific south of 
Hawaii and off the Pacific Coast states; mid-water 
and surface resources off the New England Coast; 
and the groundfish and midwater resources in the 
Bering Sea and the Gulf of Alaska. Some of these 
resources are already under exploitation by foreign 
fleets; others are virtually untouched by any 
commercial operation. It would appear most de- 
sirable to concentrate on those species and areas in 
which U.S. vessels might be expected to enjoy a 
strong competitive position if they use modern 
vessels, gear and techniques. Basic exploration of 
internationally shared species would best be 
carried out on a multinational basis, with results to 
be made available to all participants. 

The basic justification for an expanded public 
program of this sort lies in the widespread diffu- 
sion of the benefits generated. No single fishing 
enterprise or group of fishing enterprises could 
afford to undertake the necessary work, not only 
because of the scale of operations required, but 
because it could not hope to capture more than a 
small proportion of the total economic advantages 
generated. 



2. Reduction in Costs of Vessels and Equipment 

The relatively high cost position of most U.S. 
fisheries— the tuna and shrimp fisheries being the 
only notable exceptions-has continued to frus- 
trate all efforts to expand the total U.S. fishing 
effort. No single factor accounts for this situation; 
the problem of making the U.S. industry cost 
competitive, at least in its own coastal waters, 
requires simultaneous action on z number of 
fronts. 

The simplest to define, but one of the most 
difficult to deal with, is the high initial cost of 
vessels and major items of fishing gear. Under 
existing law, U.S. fishermen are unable to register 
foreign-built fishing vessels; another law proscribes 
the landing of fish in U.S. ports directly from 
fishing grounds unless landed in U.S.-registered 
vessels. In combination these two laws effectively 
prevent our fishermen from taking advantage of 
lower foreign shipyard costs. Except for a few 
cases, like U.S. shrimp boats, most fisheries vessels 
of equal or superior technical characteristics can 
be bought at much lower prices from a number of 
foreign countries. 



Moreover, since the discrepancy in costs in- 
creases with the size and complexity of the vessel, 
the restriction reduces severely any financial incen- 
tive to bring American fleets up to the technical 
levels required for efficient high seas operation in 
many areas. The panel does not believe that the 
United States should simply duplicate the very 
large distant water vessels employed by other 
major fishing nations; it cannot escape the con- 
clusion, however, that efficient vessels, capable of 
fishing in all but the most difficult weather 
conditions and over wide ranges, should be larger 
than those now employed in many U.S. fisheries. 

A less widely publicized element in the high 
cost of U.S. fishing activity is the complex of high 
import duties on many important items of fishing 
equipment. For example, nets and twine, both 
important cost items in commercial fishing opera- 
tions, could be obtained abroad at much lower 
prices if it were not for very high duties. The same 
is true for some types of instrumentation, such as 
precise positioning and sonar scanning gear, and 
for basic and auxiliary power sources. While no 
one of these factors is critical, in combination they 
add up to a definite competitive disadvantage for 
U.S. Hag vessels. 

The effects of these restrictions extend out in 
still other directions. Because they lead to greater 
obsolesence of an apng fleet , they contribute 
(together with Jones Act requirements) to the high 
cost of insurance that plagues U.S. fishermen. 
Similarly, the effort to pare costs at every turn in 
order to remain competitive has led U.S. fishing 
enterprises to provide working conditions that 
simply will not attract and hold efficient young 
men in the labor force. While there are some 
exceptions, the general working conditions of the 
U.S. fishermen are worse than almost any other 
major category of laboi except migrant farm 
workers. For example, a $100,000 shrimp trawler, 
recently built for a major U.S. fishing corporation 
to operate off the coast of Latin America, has no 
shower or toilet facilities for crew members. Less 
than one-third of all U.S. fishing vessels would 
meet the minimum standards for safety and health 
of crew members developed for consideration of 
the fishing nations by the International Labor 
Organization. It is hardly surprising that the 
Fishing industry finds it difficult to recruit young 
men, particularly in areas adjacent to metropolitan 
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areas where diversified employment opportunities 
are available. 

The panel recommends that legislation be en- 
acted to remove the present legal restrictions on 
the use of foreign-built vessels by U.S. fishermen 
in the U.S, domestic fisheries, together with 
careful reconsideration of duties on important 
items of fishing equipment. It does not feel that 
large scale vessel subsidies are, over the long run, 
an effective substitute for these actions, even if 
modified to eliminate the unsatisfactory aspects of 
the present subsidy program. The most glaring 
weaknesses arise from the non -discriminatory char- 
acter of the program. A considerable part of the 
funds expended has gone to the tuna industry, 
which is profitable and needs no help, or to 
fisheries already suffering from excess capacity. In 
addition, administrative obstacles have discouraged 
many of the very types of fishermen the legislation 
was intended to help. 

The Bureau of Commercial Fisheries has pro- 
posed changes that would go far to remedy these 
faults. These include: 

-A fixed rate of subsidy, not to exceed 50 per 
cent of the U.S. cost. 

-Prohibition of the use of subsidized vessels in 
overcapitalized fisheries unless obsolete capacity is 
scrapped. 

—Authorization for the Secretary of the Interior 
to establish priorities to insure that funds are 
directed to the proper fisheries. 

If the a'chaic restrictions discussed above can- 
not be removed, a streamlined subsidy of this type 
is a possible palliative. The panel does not, 
however, feel that it will accomplish any perma- 
nent structural improvement in the U.S. flag 
fisheries, since it can and probably will be 
matched, wholly or in part, by foreign competi- 
tors. It leads inevitably to the inequity of competi- 
tion between subsidized and non-subsidized 
vessels. Perhaps most serious, a subsidy large 
enough to make any real impression would require 
funding equal to about 60 per cent of the present 
BCF budget. The panel feels that these funds can 
be spent to better advantage in other ways. 

3. Removal of Legal and Institutional Barriers to 

Efficiency 

Marine fisheries commonly fall in the category 
of “common property resources.” Traditional U.S. 



insistence on free entry to these fisheries, and the 
resulting inability to control the number of partici- 
pants, has led inevitably to excessive commitment 
of labor and capital as the fishery matures, 
coupled in some cases with actual declines in 
sustained physical yields. It is particularly impor- 
tant to devise management frameworks that will 
prevent the development of such excess capacity 
rather than to deal with the painful and slow 
readjustments required after it has built up. 

Despite the urgency of the common property 
problem-an urgency that increases with the rapid 
rise in world fishing effort and the steady improve- 
ment in other nations in the range and sweep 
efficiency of fishing equipment-mechanisms for 
rational management of fisheries to prevent eco- 
nomic waste simply do not exist at present in the 
United States. 

The division of authority between Federal and 
State authorities restricts action to political 
boundaries that have no relation to the distribu- 
tion patterns of the fishery resources that must be 
managed. In addition, the fragmentation of 
authority among the States raises serious dispari- 
ties between local and National interests. It is 
quite common in specific management cases to 
find that the initial burden must be borne largely 
by fishermen in one State, while a dispropor- 
tionate amount of the benefits accrue to fishermen 
in other areas. In the absence of some type of 
interstate or Federal authority which can realize 
fully the benefits of conservation and compensate, 
as required, those who must make temporary 
sacrifices, a sound management program cannot be 
devised. 

Partly for this reason and partly because of the 
fragmentation of the industry, the U.S. fisheries 
have been saddled with an increasing burden of 
restrictive legislation, much of which has nothing 
at all to do with conservation in either physical or 
economic terms. Rather, it reflects the successful 
exercise of pressure by one group of fishermen 
against another; by sports fishermen against com- 
mercial organizations and vice versa; or by other 
users of water and land areas against fishermen. 
The end result is a monumental stock of over- 
lapping, conflicting, and frequently unsound con- 
trol measures, all parading under the guise of 
conservation. The effect has been not only to 
reduce the efficiency of the regulated fishermen, 
but also to discourage or even eliminate the 



incentive to build vessels properly equipped to 
exploit under-utilized or latent resources. Many, if 
not most, of the fisheries of the United States are 
sufficiently seasonal in character as to require 
multipurpose vessels and gear for profitable opera- 
tion. Thus, efficiency-reducing regulations affect- 
ing one or more types of operation may make it 
virtually impossible to develop combined opera- 
tions that would make greater use of under- 
exploited stocks. 

The seriousness of the common property prob- 
lem and of the mass of restrictive legislation that 
has developed under State jurisdiction cannot be 
overemphasized, As long as the situation prevails, 
it is difficult to justify private, State, or Federal 
expendituies on improvement in gear or vessel 
efficiency. If such improvements are actually 
incorporated in operating units, the effect will be 
only temporary; improved profits will attract new 
units into the fishery, and the end result will be a 
restoration of the original earnings position with 
more excess capacity. It is more likely that any 
really important improvement would be legislated 
out of existence even before it could be adopted. 
The effectiveness of the recommendations for a 
major expansion of gear development and tech- 
nology within the BCF is therefore dependent 
upon progress in removing these institutional 
impediments to progress. 

The panel’s concern over the debilitating effect 
of unwise management practices by both State and 
Federal agencies should not obscure the fact that 
many management techniques and programs have 
been distinctly beneficial. Regulations forbidding 
the use of destructive fishing gear or techniques, 
selective time and area closures that concentrate 
harvesting at times when the fish are found to be 
most plentiful and concentrated, and selectivity 
regulations that limit the catch of immature fish 
before they have achieved worthwhile growth are 
examples cf such measures. 

The panel therefore recommends, as &n essen- 
tial first step in cutting through the maze of 
unnecessary legislative restrictions, a series of 
careful studies of the objectives, operation, and 
biological and economic effects of specific regula- 
tory programs in specific areas. While there are 
many obvious candidates for discard, there are also 
a large number of soundly conceived management 
programs that should be preserved or expanded in 
any revised approach. 



Concurrently with such studies, the initial steps 
should be taken to prepare for a framework of 
management for both domestic and international 
fisheries in which National objectives are clearly 
specified as a paramount guide to policy. 

The panel emphasizes that the overall effect of 
such pressuie on the individual States to set their 
houses in order with respect to fishery manage- 
ment concepts and practices is not to be construed 
as a burden; parallel reductions of this type of 
restrictive legislation will provide an impetus to 
fishery development in the United States as a 
whole that must benefit all of the marine states 
and those bordering on the Great Lakes. 



4. Technological Development of U.S. Fisheries 

As indicated in the discussion of the BCF and 
its program, the panel feels that opportunities for 
improvement of U.S. fisherie$ , operations through 
gear development and associated ocean engineering 
have not been adequately recognized. Accordingly, 
it recommends formulation of a much more 
substantial program with these elements: improve- 
ment of conventional gear and adaptation to U.S. 
fisheries of technical developments originating 
elsewhere; research and development in the design 
and testing of new harvesting concepts that will 
make use of a growing national capacity to bring 
latent resources into use; development of a fishery 
intelligence service (and equipping of U.S. vessels 
with necessary communication equipment) that 
will permit integration of oceanographic and 
meteorological parameters with the deployment of 
fishing vessels; and establishment of effective lines 
of communication with industry through some 
form of extension service that will translate 
experimental work into practical fisheries opera- 
tions. 

The improvement of conventional fishing gear 
and the adaptation to local conditions of new 
equipment developed in the countries offer sur- 
• prisingly wide opportunities for cost reduction in 
U.S. fisheries. A number of representative ex- 
amples can be drawn from the limited activities of 
BCF. The design and construction of a large 
midwater trawl, coupled to a simple but highly 
effective electronic sensing device, provided the 
first step for a potentially large new hake fish- 
ery. Development of a fast sinking purse seine 



that will take fast swimming fish such as skipjack 
promises to open new opportunities for high seas 
purse seining by tuna vessels. U.S. vessels have 
scarcely begun to test the potential of various 
types of conventional sonar gear that is already 
standard equipment aboard many foreign fishing 
vessels; the same is true of high accuracy position- 
ing equipment. 

Work on a selective shrimp trawl, that would 
reject most of the trash fish that make life difficult 
for the shrimp fishermen while protecting the 
quality of the desired catch, promises to open new 
opportunities for the economical production of 
pandalid shrimp. Development work designed to 
protect the quality of fish at sea-an absolute 
prerequisite for the degree of quality conti ol now 
demanded by the U.S. consumer-calls for much 
greater effort than BCF has been able to provide 
to date. 

The list could be extended almost indefinitely. 
The essential point is that cost reduction is rarely a 
matter of one or two dramatic breakthroughs; real 
progress is likely to come from the less spectacular 
but more effective technique of financing and 
supporting a lively, imaginative program of doing 
simple things, 

The limited budgets available for development 
work in detection and haivesting techniques have 
ruled out any major effort to pioneer new fishing 
concepts in BCF programs. As a result, there has 
been practically no work in the United States to 
parallel that being undertaken by a number of 
other nations, particularly the Soviet Union. The 
technical capacity for such work exists, both 
within and outside BCF; what is lacking is the 
specific mission, and with it the necessary funding 
and personnel. 

By way of illustration, a number of potentially 
promising avenues of research can be cited for 
each of the functional elements that make up the 
fishing process. For example, rapid and reliable 
detection is essential to any effective sea fishing 
procedure. A great majority of U.S. fishermen are 
still dependent on crude physical detection 
systems. Most are limited to visual techniques, 
which are, for the most part, operative only at or 
very close to the air-sea interface. Even with the 
assistance of spotting aircraft, a technique avail- 
able only for fleet operations or in the harvesting 
of very high valued fish, range is limited. The 
vertical detection range can be increased with 



acoustical devices but sonar gear presently avail- 
able to U.S. fishermen has a relatively short range, 
does not provide positive identification of the 
target, and is relatively ineffective for smalt boats 
in rough weather. 

BCF has done very little to develop better 
means of fish detection, and most of that has been 
confined to research sonar models intended for the 
use of BCF rather than for commercial fishing. 
Without elaborating further, the Panel feels that 
the potential for acoustical and optical fish detec- 
tion is capable of very great improvement and 
equally important, can be brought within a price 
range that would make them attractive for use on 
small and medium sized fishing vessels. 

Both passive and active acoustical detection 
systems require further research, and pa.sive opti- 
cal systems (including aerial and spaceciaft spot- 
ting; airborne TV systems, spectro-photographic 
techniques, and infrared systems) offer promise. 
Laser systems may also provide high resolution 
detection at short range. 

While many of these techniques are outside the 
capability of the BCF at present, it is essential that 
close liaison be maintained with the Navy, indus- 
trial firms, and academic and non-profit research 
institutions concerned with the basic problems 
involved. With any of these more distant concepts 
of fish detection, the critical point with respect to 
lead time to commercial utilization is the ability to 
detect, early in the research phase, and follow up 
areas of promise. Obviously, if it is not done by 
the Federal fishery agency it will not be done at 
all. 

Radical improvements in conventional fishing 
gear and the development of new harvesting 
concepts are true research problems; what is 
required is a systematic attack on the functional 
relations that link the physical principles on which 
the gear in question operates, the biological 
principles that govern the possibility of capture, 
and the range of fishing strategies available for the 
unit carrying the gear. 

Again, this can be regarded as a legitimate 
function of a public agency, since the benefits 
accrue to the industry as a whole and cannot be 
captured by a single firm. 

5. Fish Protein Concentrate 

The potential importance of fish protein con- 
centrate as one element in the attack on the 
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worldwide problem of animal protein deficienc ; es 
need not be emphasized in this panel report. In 
his State of the Union message for 1967 the 
President directed the Agency for International 
Development and the Department of the Interior 
to: 

-Perfect low cost commercial processes for the 
production of fish protein concentrate. 

-Develop new protein rich products that will fit 
into a variety of local diets. 

-Encourage private investment in fish protein 
concentrate production and marketing as well as 
better fishing methods. 

-Use this new product in our Food for Freedom 
program to fortify the diets of children and 
nursing mothers. 

There are, however, a number of serious mis- 
understandings about the nature of the program, 
and in addition, a number of discouraging obsta- 
cles to large scale production despite repeated 
assurances that full success is just around the 
corner. 

The panel cannot emphasize too strongly that 
“fish protein concentrate” is actually a large 
family of products, some of which are already 
intensively used and purchased in large quantities, 
while others remain in the embryonic stage. The 
fishmeal that accounts for much of the spectacular 
growth in markets and production of fishery 
products since 1950 is, in fact, a form of fish 
protein concentrate. It has been used very success- 
fully to supplement formulated foods for various 
types of animals, the end result being both food 
and non-food products for human utilization. In 
this form, fish protein concentrate has grown from 
a world production of about 500,000 tons in 1964 
to more than 4 million tons in 1966. 

Production of what is normally referred to as 
“fish protein concentrate” involves a series of 
additional steps designed to produce a tasteless 
product that can be used as a protein supplement 
in foods directly consumed by humans such as 
soups, breads, and beverages. This requires a 
substantially larger reduction in oil content and 
certain other types of undesired physical elements, 
together with more rigid standards of sanitation at 
every stage in the production process. 



Even this is too simple a view of the product, 
however. The degree to which taste and odor are 
removed, the degree to which grittiness must be 
reduced, the keeping qualities of the product over 
time, and even the form in which it is to be 
consumed are all variables rather than fixed 
elements. Thus far, research and development 
efforts by both private industry and the Federal 
Government have concentrated on achieving a 
tasteless, odorless product that can be stored over 
long periods of time and transported cheaply. In 
so doing, both have emphasized (correctly, in the 
panel's opinion), development of a product that 
would meet any possible objections on grounds of 
esthetic consideration" and with the widest possi- 
ble range of uses as a dietary supplement. In the 
interests of simplicity, the research effort has also 
concentrated on processes using lean fish, such as 
hake, that are readily available and lend themselves 
most easily to the production of the desired kinds 
of concentrate. 

It is obvious, however, that tastes vary through- 
out the world, and that it is not only possible but 
certain that many different kinds of protein 
concentrate derived from fish should be developed 
to meet these demands. It is also far from certain 
'hat the very high standards initially established as 
a research goal need necessarily be followed in the 
production of all kinds of fish protein concentrate 
for all purposes. 

The processes now being explored most inten- 
sively by private industry and by the BCF have not 
been established unequivocally aS’the only ones to 
be investigated or even the best. Variations of the 
types of solvent methods now under investigation 
and biological processing techniques both offer 
real promise, not only in terms of cost reduction 
but also in terms of the range of fish that can be 
handled and the number of different end products 
with different characteristics that may be forth- 
coming. 

In the United States, progress has proceeded 
along two general lines. First, a private firm has 
developed a process for producing fish protein 
concentrate for animal feeding which was subse- 
quently altered to derive a product suitable for 
direct human consumption. During the same 
period, the BCF undertook a rather substantial 
research program to pull together information on 
studies that had been made or were being made in 
various parts of the world. The program was aimed 
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at deciding on a few of the most promising 
processes and developing these through the experi- 
mental stage into pilot production. The purpose of 
the exercise was to develop processes and engi- 
neering designs sufficiently detailed to permit 
private enterprise to undertake commercial pro- 
duction with no more than the norma! business 
risks associated with a new product. 

Unfortunately, progress has been slowed by a 
series of deputes and misunderstandings. Coopera- 
tion between tie commercial developer of FPC 
and the Bureau’s staff was less than ideal; and both 
were hampered severely by the intransigent atti- 
tude of the Food and Drug Administration toward 
fish protein concentrates made from' whole fish. 

After a long series of meetings, agreements, and 
formal actions, during which the developers of 
FPC met one objection by FDA after another, 
approval was granted to both the private frm and 
the BCF for commercial production with their 
respective processes. But this approval was tied to 
a requirement that the product could be sold in 
the United States only in one pound packages for 
home consumption. 

The panel does not propose to pass judgment 
on the basis for this decision; it can only point out 
the effect of it. We now allow agencies of the 
United States to use fish protein concentrate for 
direct human consumption in public health pro- 
grams outside the United States while continuing, 
for all practical purposes, the prohibition on its 
use for these purposes within the United States. 
No one can say with certainty that there exists a 
substantial market for fish protein concentrate in 
the United States. There has been enough ex- 
pression of interest by food manufacturers to 
warrant the conclusion that the market should be 
tested, in the traditional fashion, by allowing food 
producers to use it in any way they see fit, as long 
as the strict Food and Drug Administration re- 
quirements with respect to process and product 
are adhered to rigidly. Theie can be no doubt that 
the speed with which the necessary technology, 
marketing techniques and channels, and families of 
end products and processes will be developed by 
industry is materially reduced by this restriction 
on package size. 

The most important use for fish protein con- 
centrate will doubtless be as a dietary supplement 
in areas where proteins in general, and animal 



proteins in particular, are chronically below mini- 
mum nutrition requirements. Unfortunately, these 
are the very low income areas where sophisticated 
market development techniques and organization 
are scarce, and where demand for “medicine” is 
particularly difficult to develop. It is likely, 
therefore, that for some time to come, the product 
must petfonn its very promising role in alleviating 
protein malnutrition on an institutional basis, with 
primary financial support from recipient govern- 
ments and the United States. This does not, 
however, rule out the need for careful studies of 
socioeconomic conditions in the needy countries 
that bear on dietary habits and marketing arrange- 
ments. It is vital to the success of any major use of 
FPC as a public health measure that the best use 
be made of existing institutions, both Government 
and private business. 

Pressure to undertake this worthwhile inter- 
national program has resulted in commitments 
that may be very difficult to meet. Neither the 
commercial firm nor the BCF have yet resolved all 
the technical problems that must be settled before 
commercial production can be undertaken at 
prices that would make FPC attractive relative to 
other protein additives. Both processes still require 
the development of some technique for efficient 
recovery of the solvent used; otherwise, the cost 
becomes prohibitive. It is likely that such a system 
is in sight. In addition, both of the methods 
approved thus far by the Food and Drug Adminis- 
tration involve denaturation of the protein to an 
extent <hat limits the functional properties of the 
resulting product. This means, in turn, that the 
flexibility with which fish protein concentrate can 
be blended 'ith formulated foods is reduced 
substantially. 

Neither of these limitations constitutes an 
insuperable barrier to the widespread use of fish 
protein concentrate. It does mean, however, that 
the starvation budget provided to the BCF pro- 
gram for FPC must be supplemented sufficiently 
to permit completion of the projected pilot plant, 
resolution of the solvent recovery problem, and 
effective transfer of the whole body of informa- 
tion to private firms for commercial production. 

There is also urgent need for adequate funding 
of work required to adapt the process to fatty fish, 
since a majority of the very cheap and abundant 
species that will eventually form the backbone of a 



fish protein concentrate industry are of this type. 
Finally, research into other methods of production 
and other end products should be increased 
substantially in order to make the best possible 
adaptation to taste, preferences, and marketing 
problems in all areas where protein supplements 
like FPC can ue utilized. The total amounts 
involved are not large; the humanitarian and 
economic returns appear far more than enough to 
justify them. 

The panel does not regard the fish protein 
concentrate program as a major element in rehabil- 
itation of the US. fishing industry, although it 
may stimulate some activity along these lines, 
utilizing hake, thread herring, anchovies, or other 
latent or under-utilized species. The greatest ad- 
vantage of FPC ii to locate the processing plant 
next to the cheapest sources of supply anywhere 
in the world, and to transport and store the 
finished product at low cost. It is therefore likely 
that U.S, firms (and others) which may enter the 
industry on a large scale will locate plants in areas 
where fish can be obtained for $10-12 per ton, and 
where adequate support facilities are available. 

The panel also recognizes that research and 
development is going forward on other types of 
protein concentrates. Private industry efforts to 
produce an economical protein concentrate from 
crude petroleum have drawn wide attention. Oil 
seed concentrates and the use of synthetic amino 
acids to improve the quality of vegetable proteins 
are other promising prospects. On the basis of 
present cost estimates, however, fish protein con- 
centrate appears to V'arrant continued effort, 
particularly In view of the substantial progress 
already made. Moreover, nutrition experts are 
unanimous in the view that all sources of protein 
for human use must be expanded as rapidly as 
possible in view of impending world scarcities. 

The same reasoning suggests the need to sepa- 
rate clearly the nutritional objectives of our 
foreign aid program from those involved In the 
development of new fishing industries There is no 
logical reason why a US. program detigned to 
alleviate protein deficiencies should be limited to 
those countries that have abundant supplies of 
cheap fish, a fishing industry that can be de- 
veloped to produce raw material in satisfactory 
quantities, and a protein deficiency problem. What 
is more likely is that some nations may benefit 
substantially from the development of the new 



indusi many others will benefit from the 

contra .he product makes to dietary pro- 
grams is no necessity that both be asso- 
ciated n country. 

The * supports strongly the concept of a 
Goveri n research and development program to 
broad. base of the FPC potential with the 
undeish' g that actual production and most of 
the imikct development will be a matter for 
private enterprise to undertake. At the same time, 
the panel stresses the need for Government finan- 
cial support, whether by the United States, recipi- 
ent governments, or both, if mass distribution of 
FPC is to be achieved. It is also quite possible that 
FPC will find profitable commercial markets, most 
likely ir developed countries with sophisticated 
programs for formulating blended foods. If so, it 
will strengthen the overall technology and market- 
ing cap 1 ity of the industry. But the human need 
for an protein is so great that every effort 
shouh 1 dc to assure a combined private and 
govern market for FPC that will induce 

privat ;isc to proceed as rapidly as possible 

in Ir m , c . the Bureau of Commercial Fisheries 
research program into a family of economical 
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6. Ir al Arrangements for Technological 

R* 1 Development 

A' in the preceding section, the panel 

places lphasis on the need for expanded 

effo ve conventional methods of fishing 

gear ^re new concepts and strategies in 

the irrent developments in materials, 

platf bty, and instrumentation. It does 

not ‘ lory organizational arrangements 

for s ihin the BCF as now constituted. 

While riy essential that such work be 

carrier he BCF, in view of its intimate 

relation to other Bureau missions, it is equally 
necessary to establish close working connections 
with specialists In industry, the universities, and 
State agencies. In addition, some means must be 
provided for a blending of specific technical 
competence in ocean engineering, resource assess- 
ment, search and detection, harvest dynamics, fish 
behavior, and fishing strategy. 

All of these skills exist In some degree within 
the Bureau already, and Bureau personnel have 
frequently established, on a more or less formal 
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basis, close contact with people of like interests 
outside the Federal establishment. What is needed, 
then, is not a massive new effort but a central 
operating unit within which the relevant expert 
knowledge will be brought to bear on detection, 
harvest system dynamics, behavior of fish to fish- 
ing gear and physical stimuli, and concepts of 
fishing strategy. 

The major function of such a group would be 
to work with the private sector of the engineering 
and fishing communities to focus attention on 
practical research and development problems that 
would stimulate more effective extraction of 
fishery resources. In view of the wide range of 
potential interests of such a group, it is expected 
that the bulk of the actual studies would be 
contracted out to academic institutions, the engi- 
neering community, and industry. Such contracts 
would not be concerned with long term research, 
but rather with clearly identifiable problems of 
fairly immediate significance, with greatest 
emphasis on those that offer a promise of stimu- 
lating subsequent development by the private 
sector. 

It is therefore recommended by the panel that 
one or more fishery technological development 
centers be established within the framework of the 
BCF to carry on such work. While it is obviously 
desirable in the long run to have at least three such 
center$-one each in the Atlantic, Gulf, and Pacific 
areas-even a single center, with proper physical 
facilities and located in close proximity to strong 
university, engineering, and industry support could 
serve the national interest very effectively. 

7. Aquaculture 

At the present time, aquaculture is practical 
only on a limited scale except in parts of the Far 
East, where it has become integrated with spe- 
cialized agricultural operations, and in European 
oyster and mussel culture. The aggregate contribu- 
tion of aquaculture to world output of fish and 
shellfish is very small, and most of it comes from 
fresh water operations. 

On the other hand, aquaculture supports a 
substantial number of small, local industries pro- 
viding high priced specialty items, particularly In 
areas adjacent to major metropolitan areas. Much 
of Japan's fish farming effort is centered on 
shellfish, fin fish, and various types of marine 



plants that are highly prized in the restaurant and 
gourmet trade. Similarly, European operations are 
geared largely to specialty fish products from fresh 
and brackish water for the restaurant trade. 

It is likely that this type of operation may also 
prove to be an attractive area for investment for 
localized private industry in various pails of the 
United States, though fresh water operations, 
particularly in the lower Mississippi Valley, and 
farming of mollusks in estuaries, appear more 
promising than salt water culture at present. 

Marine aquaculture does not appear to hold 
great promise as a technique fo* bulk production 
of cheap protein food. In the foreseeable future it 
is clear that expansion of low priced fishery 
products from the sea can provide greater returns 
per dollar of investment than can be realized from 
known aquacultural techniques in salt water. From 
a longer run point of view, the possibilities of 
controlled gfenetic techniques and other extensions 
of scientific cultivation of living organisms on land 
remain essentially unknown. Given the urgent 
need for expansion of protein food, the necessary 
scientific and technological groundwork should be 
laid for a thorough exploration of these prospects. 

In summary, aquaculture fully merits an ex- 
panded program of scientific investigation, starting 
from some evident basic research needs and 
moving forward to applications on an increasingly 
wide front as knowledge and technique are de- 
veloped. It would not appear to be a high priority 
program, with respect to other areas of marine 
fisheries or to other elements of the National 
effort in the marine environment, and the most 
attractive intermediate term possibilities lie in 
fresh and brackish water. 

The panel endorses the more detailed program 
and recommendations dealing with the technology 
of aquaculture in the Report of the Marine 
Engineering and Technology Panel. 

X. REGULATION OP FISHERIES: WHY AND 

HOW? 

Preceding sections have stressed the fact that 
there are luge stocks of under-utilized fish and 
shellfish In VS . coastd waters that offer a 
challenge and an opportunity for expansion of 
landings by VS. vessels and, quite possibly, an 
increased share ol the U.S. market. It should not 
be surprising, however, to find, tide by side with 
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latent resources capable of significant increases in 
output, others that are already being exploited at 
or beyond levels that maximize their contribution 
to the U.S. economy. The same situation prevails 
in all resource-oriented industries. In forest prod- 
ucts, for example, there are serious adjustment 
problems resulting from cutting in excess of 
annual growth rates in some areas, while other less 
accessible forest areas, remain lightly harvested or 
completely untouched. It is necessary to impose 
strict controls on the production of oil in some 
areas while pursuing vigorously new sources, both 
onshore and offshore. 

A rational Federal fishery program must deal 
simultaneously with regulation of some species to 
prevent depletion or even destruction, while pro- 
viding all possible incentives for expansion of 
catches where biological limits have not been 
reached. It is of crucial importance, however, that 
all fishery management agencies and programs be 
cognizant of this dual responsibility. All too 
frequently regulatory programs have had the ef- 
fect of slowing down or preventing the kinds of 
technological development required to expand 
operations on species not fully utilized. 

Brief reference was made in the preceding 
section to the division of responsibility between 
Federal and State governments with respect to 
management of fishery resources, including both 
regulation programs and enhancement and propa- 
gation programs. There is great difficulty imposed 
on any National concept of fishery management 
under the present division of authority among 
Federal and State agencies, md the need for the 
kind of reorganization discussed in Section VIII 
becomes apparent from the following discussion. 

A. Biological Determinant* of Physical Yields 

The commercial fisheries of the world rest on 
the productive capacity of a series of closely 
interdependent organic populations. Like a forest, 
perhaps the most similar type of useful living 
resource, a fish population exists in an enormously 
complex environment. It is impossible, however, 
to observe directly the size and composition of a 
specific fish population, nor can environmental 
conditions be controlled sufficiently to isolate the 
impact of specific changes known to affect it. 
Properly conducted, exploratory fishing can pro- 
vide useful preliminary estimates of stinding 



stocks and yield potentials. More refined estimates 
of the production possibilities from a given fishery 
resource cannot really be made until a well 
developed commercial fishery is operating on it. 

The key variables determining production pos- 
sibilities from a fish population can be grouped 
under three headings: rate of entry into the 
“fishable” age (recruitment), growth rates of in- 
dividual fish, and natural mortality (from disease, 
old age, and non-human predators). In the absence 
of human intervention, a marine population tends 
toward a maximum aggregate weight, or biomass, 
at which net increments to stock from recruitment 
and growth are exactly offset by decrements from 
natural mortality. Thus, at zero and at maximum 
population levels the instantaneous rate of change 
in the weight of the fishery population is zero. At 
intermediate levels, the aggregate weight of the 
stock, in the absence of other disturbances, will 
tend to rise toward its maximum value, and the 
instantaneous rate of change in weight will be 
positive. It must be recognized, of course, that 
these long run equilibrating tendencies may be 
obscured by changes in b.; complex environments 
of the sea. 

Assuming for the moment that recruitment and 
growth rates are independent of population size, 
these relationships can be translated into a simple 
physical production function. As fishing effort on 
an undisturbed stock (expressed in terms of 
standard units) is increased from zero level, sus- 
tainable yield— that is, the catch equal to the 
instantaneous rate of change in biomass in the 
absence of fishing by man-increases at a de- 
creasing rate, while the number and average size of 
fish will decline continuously. If the fcelectivily of 
the gear with respect to fish of different sizes is 
held constant, the sustainable yield will peak at 
some level of fishing effort. Further Increases in 
fishing effort wilt produce an absolute decline in 
sustained physical yield. Assuming a recruitment 
rale independent of population, fishing by man 
will yield a larger net physical product as long as 
the marginal reduction in weight losses from 
natural mortality is greater than the marginal 
weight loss resulting from capture of individual 
fish before they achieve maximum weight. Not all 
fisheries will show such a peak, however; given 
constant recruitment, the age at entry into the 
fishery, the individual fish growth function, and 
mortality rates will determine whether or not the 
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yield-effort relationship is of this type. If the gear 
can be adjusted to reject fish below a selected size, 
a “eumetric” yield-effort function without a peak 
can be realized. 

The assumption that recruitment is independ- 
ent of population obviously cannot be of com- 
pletely general validity over the population levels 
relevant to any commercial fishery. For anadro- 
mous fish such as salmon, the relationship is 
critical. Nature is so profligate in her production 
of fertilized eggs, however, that the case In which 
the number of marine fish surviving to catchable 
size is independent of the total standing stock over 
relevant ranges is the rule rather than the excep- 
tion. The other assumptions are less tenable. 
Growth rates aie almost certain to be density- 
dependent, as are some types of natural mortality, 
and the production possibilities implicit in tie 
foregoing analysis are not necessarily reversible. As 
the size of the desired stock is reduced through 
commercial fishing, permanent shiftsin predator- 
piey relations and in relative numbers of compe- 
ting food users may occur. Large and frequent 
shifts in parameters are inevitable in the ecological 
setting of the sea. 

If sense is to be made out of the concept of 
optimum utilization of a fishery resource, at least 
a rough delineation of physical production possi- 
bilities is essential. Analysis of the potential of a 
marine fishery population has progress'd to the 
point where yields can be estimated within satis- 
factory limits for many stocks given estimates of 
only a few parameters. The uncertainty about long 
and short run effort-catch relations colors every 
aspect of the high seas fisheries, and knowledge 
does not come without its costs. But reasonably 
accurate knowledge of yield-effort relations is 
essential to development or management of any 
fishery. 

These are crucial first steps toward efficient use 
of Irving resources of the sea. 8ut even when good 
biological assessments of the size, range, and yield 
from a given fish population are developed, man 
seems determined to use it badly. Why is overfish* 
irg so common in developed fisheries based on 
valuable species'? Why is the economic return In 
such cases so low? Why does not the industry 
provide, in its own interest, restraint on current 
production in order to assure the largest possible 
continued flow of output In the future? Answers 
to these questions are vital to the long run welfare 



of the U.S. (and world) fisheries. The following 
analysis of a hypothetical overfishing case provides 
some of them. 

B. Economic Factors in Fishery Regulation 

Assume, first, that the long run relationship 
between effort and yield, given the types of gear 
employed, is firmly established by empirical re- 
search. What level of effort and yield will actually 
prevail in the absence of regulation? What level 
should prevail? And if control is icquired to reach 
an optimal position, what methods of regulation 
should be used? These questions cannot be an- 
swered on the basis of physical magnitudes alone. 
Fisheries are carried on commercial ventures in 
the United States, and effort will expand or 
contract as profit opportunities widen o' narrow. 
But the cost of fishing depends not only on 
physical inputs of labor and capital but also on the 
price which must be paid for their use; and the 
money returns from fishing depend on both 
physical yields and product prices. 




Assuming for the moment ’Jiat fish prices, 
wages, and costs of vessels and gear are fixed, the 
effort-yield relation can be converted to one 
showing total money receipts and total fishing 
costs. 

As long as there are no restrictions on entry, 
fishing effort will be pushed to the point where 
total receipts and total costs, including a minimum 
necessary profit to the vessel owner, are equal. At 
any lower level, profits would attract new boats; at 
any greater level, some would incut losses, and 
eventually would be forced out of the fishery. 
Obviously, any increase in prices or decrease in 
costs would result in an increase in effort and 
vke-versa. Full equilibrium in a fishery requires 
not only that the physke 1 catch be sta‘ le but also 
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that it sell for a price which just maintains the 
profitability of that amount of effort. 

At the level of money costs and receipts 
assumed above, it is obvious that uncontrolled 
exploitation would lead to a smaller sustained 
physical and money yield than would be possible 
with less fishing effort and lower total costs. This 
apparent violation of business practice and com- 
mon sense results from the fact that the resource is 
common property, owned by no one, and there- 
fore regarded as a free good by all. 

A rational private owner would use only those 
fishing units required to maximize the economic 
return on the valuable property right-rent, in a 
technical sense. But with unrestricted access to the 
fishery, any attempt to “conserve” by one fisher- 
man or group simply increases the take of others. 
The net return potentially available from the 
fishery is wasted in excessive costs, through over- 
capacity in fishing gear and men, and through 
increased costs per unit as the population is 
depleted. 

Moreover, this unhappy situation is couched 
only in terms of long run equilibrium, in which 
money returns are just sufficient to prevent 
further entry or exit at a rate of output consistent 
with stability in the size and composition of the 
fish stock. The development of a new fishery, 
however, is likely to be marked by a surge of new 
fishermen that carries capacity well beyond the 
levels appropriate for long run equilibrium. It is 
not only possible but normal for excess capacity 
to develop quickly and to persist over long periods 
of time, accentuated by the traditional immobility 
of labor in the fisheries and the related ability to 
maintain capital equipment at little or no real cost. 
It is no accident that the most valuable fish are 
often harvested by fishermen with the lowest 
incomes. 

A fishery need not be depleted in this sense, of 
course, if cost-price relationships are less favorable 
than in the example given. In the extreme case, 
where no level of effort will produce enough 
income to cover costs, there is neither a fishery 
nor, in an economic tense, a resource. It is 
apparent that the level of effort, and the extent of 
overfishing, however defined, depend just at much 
on the economic factors affecting costs and prices 
as on the biological factors affecting physical 
yield. 



A number of corollaries follow from this 
analysis. If, starting from an equilibrium point at 
or beyond maximum physic il yield, market de- 
mand for the end product increases, the final 
result will be a higher price, higher real costs, and 
lower catch. Similarly, technological improve- 
ments in fishing, processing, or marketing which 
lower costs of production, will eventually reduce 
output rnd raise prices to consumers as the effects 
of more severe over-fishing become evident. 

Two additional points deserve emphasis. These 
undesirable results stem not from ignorance but 
from rational efforts by businessmen to maximize 
profits. And they are not the result of monopoly; 
the more competitive the industry, in the absence 
of control ove» fishing effort, the more certain the 
resulting depletion and economic waste. The case 
for regulation of heavily exploited fisheries is very 
strong-and it is essentially an economic case. It 
should also be stressed that this concept of 
regulation requires specific types of biological and 
economic data. A fishery-by-fishery evaluation of 
the need for regulation should also include meas- 
ures to provide these data. 

Given the necessity of controlling the fishery 
for many valuable species, what should be the 
specific objectives? A review of the literature in 
the field of fisheries management leads to the 
conclusion that neither biologists nor economists 
have come to full agieement, separately, or among 
themselves, on this most vital starting point. 

It would be unfair to say that the economic 
aspects of fishery management have been ignored, 
or that human welfare has not been regarded as a 
primary objective. Nevertheless, the fact remains 
that in salmon, halibut, tuna, and virtually all 
other practkal regulatory programs the simple and 
apparently unambiguous objective of maximum 
sustained physical yield has been dominant. A 
regulatoty scheme geared to this objective alone 
would provide better results than unrestricted 
fishing; but maximum physical yield, as a sole 
objective of fishery conservation, is not unambig- 
uous, not simple, and not adequate. 

It is simply impossible to mike sense of fishing 
regulation except in economic terms. Why con- 
serve fish at all? Unless the end products of the 
fishery are worth mote in money than the cost of 
producing them there would be neither a fishery 
nor a conservation problem. Physical yield be- 
comes important only if the value of the fish is 



assumed. The clarity of maximum physical yield as 
an objective becomes even more dubious if the 
fisheries are regarded as a whole, rather than 
singly. If part of the capital and labor now used in 
the salmon fishery, for example, were diverted to 
catching flounders and dogfish it is probable that 
we could expand physical output considerably. 
Obviously this would be nonsense, but only 
because the value of the catch, to consumers and 
producers, would be reduced. 

Perhaps most serious, from the standpoint of 
the industry subject to conservation regulations, is 
the neglect of costs which can creep so easily into 
a management program geared only to physical 
yield. Any combination of measures which reduces 
fishing effort to the desired level is as good as any 
other if catch alone is the criterion. It is just as 
essential to take the desired catch in the most 
efficient possible way. Fishery stocks are not the 
only resources which can be wasted, Emphasis on 
this point in the recent proposed statement of 
BCF objectives is welcome, but has yet tr> be 
implemented. 

If a fundamental premise of our enterprise 
economy (that market prices reflect consumer 
preferences reasonably well) is accepted, the objec- 
tives of fishery management are defined by the 
same standards by which the performance of other 
industries is judged. Following is a summary of 
these objectives. 

1. Output and Resource Allocation 

Other things equal, it would appear that the 
greater the production of fish the better. But it 
must be remembered that in period of reasonably 
full employment, more fHh can be produced only 
at the cost of lower output of other products. The 
proper output would thus be that at which the 
additional cost of the last units produced is just 
offset by their additional value. Maximum physical 
yield would be the optimal output only if the 
labor and capital required to catch fish were 
completely costless. Otherwise, a slightly lower 
output would be preferable. With conservative 
management, which would normally hold catch 
slightly below the maximum obtainable, the differ* 
ence between the actu*' and optimal yields would 
usually be small. 

2. Efficiency 

Regardless of the level of cat h, optimal per- 
formance of the Fishery would require that it be 



taken at the lowest possible cost. One of the goals 
of management must be to take the de ired catch 
with the smallest number of units of the most 
efficient types. 

3. Progressiveness 

Management should provide both the means 
and the incentive for the development of improved 
fishing methods and their adoption. 

4. Income Distribution 

In an ideal fishery incomes would be shared 
among participants in accordance with their con- 
tribution to production, and would be at least 
equal to those which could be earned in other 
occupations. 

This broader definition of the objectives of 
fishery regulation by no means down-grades the 
research role of the fishery biologist. The most 
difficult and important task remains, as always, 
quantification of the parameters determining the 
dynamic chaiacteristics of exploited fish stocks. 
But there is a very real danger that the potential 
gains from management based on this research will 
be dissipated if the effects of alternative control 
measures on efficiency and progressiveness are 
ignored. 

The first goal of fishery regulation-reduc- 
tion of fishing mortality below levels which 
would pre ail under free fishing-can be accom- 
plished through one or more of four basic factors: 
the number of fishing units; the average fishing 
power per unit; the average time each unit is 
fished; and the geographic distribution of the 
units. Boiled down to the essence, this amounts to 
saying that catch can be held to the desired level 
by reducing effort or the efficiency of effort. 

Once economic costs are introduced as a 
criterion of good management, all measures which 
reduce fishing mortality by cutting efficiency 
come under serious question. They may well be 
more beneficial in terms of economic yield than 
no regulation at all. But this usually bcg» the 
important question: can we achieve the same 
result by methods which do not impair efficiency? 
It can be argued that non-economic considerations 
may justify the use of inefficiency as a conserva- 
tion technique, But those who do so are under 
obligation, rarely honored, to account for and 
justify the additional costs imposed on the eco- 
nomy and the industry. 
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An excellent example of failure to apply 
economic as well as biological criteria for regula- 
tion is provided by the Alaska salmon fishery. 
After decades of research and regulation, over- 
fishing apparently persists, as evidenced by the 
steady decline in the Alaska salmon catch, which is 
now levelling out but is well below the peak five 
year period. Despite the efforts of able and 
dedicated scientists, our basic knowledge of the 
resource, one of the most complex in our fisheries, 
is not yet adequate to permit close management of 
all major populations. In the face of declining 
yields, virtually all measures of fishing capacity, 
such as the number of fishermen, units of gear, 
and tonnage of vessels, have increased sharply 
since 1946. In an effort to offset this, many 
regulations aimed specifically at reducing the 
efficiency of gear, preventing the application of 
new techniques, and increasing the time over 
which men and gear stand idle have been insti- 
tuted. The degree of cooperation and voluntary 
compliance has not been satisfactory. 

This is not intended as criticism of those 
charged with the hard, practical work of salmon 
research and regulation. The reasons for this line 
of development are partly political and partly 
sociological. 

It is very important to emphasize that the root 
cause is a matter of business economics. It is 
abundantly clear that without regulation, prices 
and costs in the operation would lead to far higher 
short-run catch levels and, after a few cycles, to 
disaster. It should be equally clear that if the catch 
is limited to our best guess as to sustained 
maximum yield, money returns will be far more 
than enough to provide satisfactory incomes to the 
minimum number of fully utilized units required 
to take the catch. The surplus is economic rent-as 
in the case of agricultural land, when used effi- 
cie* tly in its best and highest use. 

But the fishery resource is not owned, as land 
is, and if the regulatory authority cannot restrict 
entry, the surplus is simply used up in more 
under-utilized boats, gear, and men. That excess 
capacity, in turn, puts ttemendous pressure on 
enforcenrent, since every vessel owner has a strong 
Incentive to violate regulations. It leads to impossi- 
ble concentrations of gear at the location of each 
successive run in a frantic effort to wring the 
largest possible output from the underemployed 
equipment. Until and unless it becomes possible to 



reduce the amount of gear to the minimum needed 
to take the permitted cath, economic waste, 
widespread violation of regulations, and a threat to 
the very existence of the industry will remain. 

This problem is not unique to the fisheries. In 
greater or lesser degree it has plagued the petro- 
leum industry, the forest products industry, and 
the use of public grazing land. In each of these 
cases, however, we have come, belatedly, to 
recognize that unrestricted access to a common 
property resource is fatal to wise conservation of 
the resource and to efficiency in the use of other 
productive factors. Only in the fisheries do we find 
resistance to principles which are fundamental to 
our free economy. 

C. Policy Implications 

The conclusions are obvious, though the panel 
recognizes that implementation in practice in- 
volves a host of difficult administrative problems. 
The principal means of restricting the fish catches 
to levels which will perpetuate and, in some areas, 
rebuild the industry must be to reduce the number 
of fishing units by restrictive licensing; to permit 
the development and use by these units of 
efficient gear; and to recover at least a portion of 
the “rent 1 ’ which will accrue, as costs are reduce 1, 
through taxes, license fees, or auction of fishing 
rights. 

This means that some public body should 
manage the resource to maximize its economic 
yield, leaving the actual operations to private 
enterprise. The economic rent would go to the 
fisherman, the vessel owner, and the State rather 
than being dissipated in higher costs. Precisely this 
principle is employed in the management of public 
forest and grazing land and, with some modifica- 
tion, in the leasing of publicly owned oil lands. 

Obviously, this cannot be done soon without 
serious hardship to those who entered the industry 
in good faith, but if new entry could be pro- 
hibited, the normal process of attrition would 
enable us to reduce the glaring over-capacity 
without undue pressure on those now committed. 
Fishing boats and fishermen do grow old. Other 
types of back-up controls and catch restrictions 
would be required, of course, if for no other 
reason than our inability to forecast precisely in 
the complex marine environment. 

Apart from the obvious saving in costs, and the 
resulting improvement in tax revenues and fishing 
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incomes, a reduction in the number of fishing 
units would have a significant effect o f i the 
compliance problem. As long as regulations must 
cope with an industry literally “bulging at the 
seams,’* the difficulty of equitable enforcement of 
conservation measures is bound to be severe. If, 
however, the number of units is reduced sharply 
by methods which require an investment in the 
right to fish, the attitude toward illegal fishing 
may be quite different. 

In addition, direct control over fishing inputs 
would enable the industry to move in an orderly 
fashion toward adoption of more efficient meth- 
ods without fear of disastrous overfishing while 
the conversion was in process. 

The importance of conservation methods which 
not only prevent physical depletion but reduce 
excessive economic costs was never greater than to 
the U.S. fishing industry today. The fisherman 
faces increasingly severe competition from im- 
ported fish and also from a host of other protein 
foods. Many segments of the industry are highly 
vulnerable *o imports, and any regulatory program 
that open ,e$ through reduced efficiency is liter- 
ally subsidizing a path into the U.S. market for a 
variety of competitive products. 

To illustrate the practical application of a gear 
limitation program, two entirely different situa- 
tions mu«! be distinguished; first, how should the 
appropriate number of fishing units be determined 
and allocated for a newly developed fishery (or an 
established fishery for which a major new source 
of supply h suddenly opened)? Second, how can 
excessive numbers of boats and men be reduced in 
an established fishery that has already reached an 
unsatisfactory equilibrium with severe overfishing? 

The first step in any gear reduction or entry 
limitation program must be to establish the legal 
base. Careful legal research has established une- 
quivocally the right of the Federal Government to 
control entry to » fishery In cases where it 
presently has jurisdiction over fisheries subject to 
Internationa] agreement or carried on outside 
territorial waters. 

The situation within Individual States must be 
established case by case. In Alaska, for example, a 
specific provision in the State constitution guaran- 
tees unlimited right to access to the fisheries for all 
residents of the State. In Washington, by contrast, 
it has been argued that the State would hive the 
right to Institute a limited entry program of 



fishery management provided certain conditions 
are met. Access to the limited rights must be 
non-d. criminatory; the legislature must consider 
appropriate and relevant factors formulating the 
program; and the program must be demonstrably 
aimed at improving the general welfare rather than 
that of the fishing industry alone. 

It seems likely that most States could develop 
regulatory programs involving limitations of the 
number of fishing units, subject to these criteria, 
without further legislation; others may require 
specific legislation. The proposed reorganization of 
State and Federal responsibilities outlined in the 
earlier section would make possible the institution 
of a limited entry program in any interstate 
fishery. 

Control over the number of fishing units in a 
newly developed fishery would present relatively 
few practical problems. Given a reasonably reliable 
estimate of long run yield effort relations in the 
critical ranges, the problem becomes one of 
determining the number of optimal vessels, effi- 
ciently equipped and fishing on a full-time basis, 
required to take the desired catch. 

Since most yield effort relations will be subject 
to at least moderate variability from year to year, 
other backup control measures will be required. In 
general, an optimal fishery would operate with 
some exetss capacity at all times. Occasional 
unexpectedly large harvesting opportunities would 
require short run extension of the number of 
license units, while curtailment of fishing time, 
quotas, or other restrictive devices would be 
necessary when available catches fall short of the 
long term average. 

The actual techniques employed as backup 
measures to provide the necessary flexibility 
would depend on the characteristics of the species 
involved, the fishing gear employed, and the 
seasonal availability of the fish. Their effective- 
ness, in turn, would depend on the ability to 
forecast year to year availability with tolerable 
accuracy. The present state of fisheries science 
would permit such flexibility to be built in 
without major difficulty, provided the basic fish- 
ing capacity of the fleet in question was reason- 
ably well adjusted to the average expected catch. 

The speed with which a new fishery should be 
developed (the rate it which vessels should be 
admitted to the fishery until an optimal number 
can be determined accurately) depends in part on 
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the biological characteristics of the fish involved. 
Those with a high growth rate and relatively short 
life history present fewer problems in that the 
population will rebound quickly once excessive 
effort is curtailed. Long lived, slew growing 
species, on the other hand, should be developed 
with considerably greater caution, since serious 
overfishing may require long recovery periods. 

Tn any event, the development of a new fi;hery 
involves no serious problems of equity, since the 
limited licenses can be made freely available to all 
applicants on an auction or lot system, and no one 
need be displaced from his existing occupation 
unless he chooses to do so. 

Much more serious problems arise in mature 
fisheries in which the threat of overfishing has 
been ignored or has been met by measures that 
reduce the efficiency of individual vessels without 
curtailing their number. In this situation, both 
sound economics and equity require that any gear 
reduction program be framed and timed to mini- 
mize individual hardship and compulsion. This 
implies that the rale of reduction in fishing units 
should be geared to the normal attrition of men 
and vessels, unless specifically accelerated by a 
program of purchasing and retiring fishing rights 
by a public agency. Given this ground rule, a 
practical and legally acceptable program of re- 
ducing fishing capacity to more sensible levels 
breaks down into five elements: 

-How should the reduction actually be achieved? 

“How rapidly should it proceed? 

“On what b«is should the restricted number of 
licenses bt distributed to individual vessel owners? 

“How should the reduction in gear be distributed 
among the various types of fishing equipment in 
use in the fishery? 

“Should the economic gains from cost reduction 
be apportioned among fishermen, processors and 
distributors, and Government through market 
forces alone or should Government intervene? 

A discussion of some of the fcsues raised by 
these questions can be found in Sinclair (1961); 
Crutchfield and Zellncr (1961); Royceetal.( 1963); 
and report of a working group to ICNAF (1967). 
The following elements of a proposed gear reduc- 
tion program for salmon and halibut fisheries 



illustrate the kind of approach that might be 
followed, though other fisher cs would require 
somewhat different treatment. 

-The number of units of fishing gear of each type 
should be frozen temporarily at the level prevailing 
at the last fishing season. However, some reduction 
in the number of licenses available could be 
achieved immediately by weeding out vessels that 
have not fished at all during the past two or thr*e 
years or, as in the recently announced British 
Columbia gear reduction program, by assigning 
them small catch quotas only. 

“License fees should be raised to levels which bear 
a more realistic relationship to the value of the 
fishing privilege conferred. This would tend to 
eliminate much of the casual, quasi-commercial 
fishing, and should be adjusted to reflect differ- 
ences in physical productivity of different kinds of 
gear. The license fee should be adjusted upward 
periodically to allow the public to share in the 
increasing value of the fisheries as excess capacity 
is reduced and fishing costs decreased. 

“A revolving fund, serviced out of licensed reve- 
nues, would permit the State to purchase licenses 
and gear at a specified percentage of the insurable 
value of boat and equipment at the option of the 
owners. Boats purchased under this scheme would 
be retired or disposed of in such a way that they 
would not shift the pressure to other heavily 
exploited fisheries in the area. Fishermen relin- 
quishing their licenses in this fashion and any 
other new entrants could participate only by 
purchasing an existing license. 

“Licenses should be made renewable in order to 
permit the licensee to invest in vessel and gear with 
reasonable assurance of continued operation. It is 
equally important, to insure flexibility and to 
provide some pressure to keep the most efficient 
fishermen In the industry, that licenses be transfer- 
table. Prices at which licenses are sold would 
provide a continuing check on the economic 
condition of the fishery. In order to issurc 
statistical control, and to exercise some control 
over flagrant violators of regulations, license trans- 
fers would be approved by the State fishery 
authority. 

“In order to accommodate desirable technological 
Improvements without subjecting the resource to 
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undesirable pressure, the proportion of different 
types of gear in use could be made variable by 
allowing the introduction of more efficient gear 
with an appropriate retirement of existing licenses. 
Thus, it would be possible to shift to different 
kinds of gear whenever a cost advantage could be 
achieved without increasing tire overall fishing 
capacity of the industry. 

The elements outlined above obviously would 
not apply with equal facility to all domestic 
fisheries of the United States. In particular, fish- 
eries such as the groundfish operations in New 
England, in which the individual vessel exploits a 
wide variety of different species, would present 
much more difficult problems. Nevertheless, th v 
basic principles are applicable to a fairly large 
number of domestic fisheries, both intrastate and 
interstate, in which physical productivity of the 
stocks sets a measureable ceiling on catches. 

The Commission recommends strongly that 
gear reduction programs of this general type be 
instituted in fisheries where the prospective prob- 
lems are minimal in order to establish the working 
principles involved. Thereafter, it should be possi- 
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